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PREFACE. 



.■ » 



The course of instruction in roofs and bridges given to 
students of civil engineering in Lehigh University consists 6f 
four parts ; first, the computation of stresses in roof trusses and 
in all the common styles of simple bridge trusses ; second, the 
jmalysis of stresses by graphic methods ; third, the design of 
a bridge, which inaludes the proportioning of details and the 
preparation of working drawings ; and fourth, the discussion of 
cantilever, suspension, continuous and arched bridges. In the 
following pages the first part of this course is presented. 

The plan adopted in arranging this text-book on the computa- 
tion of stresses is similar to that followed in the author's 
" Mechanics of Materials." The principles and methods are 
first established, and then numerous numerical examples are 
fully worked out to illustrate them and their application to 
different forms of trusses, while a number of problems are stated 
as exercises for the student. As no work is so valuable to a 
student as that done by himself, it is recqmmended that the 
solutions of these problems should be carefully written in ink 
in a note-book used for this purpose only. 

In view of the importance of designing members for repeated 
stresses and shocks, particularly in bridge trusses, it has been 
thought well to compute in most cases the minimum as well as 
the maximum stresses. The range of stress thus becomes known 
for each member. It is believed that this feature will assist stu- 
dents in forming clear ideas as to the influence of the live load 
npon different members of the truss. 

• •• 
lU 



IV PREFACE. 

In the Chapter on roof trusses the fundamental principles are 
deduced, and directly applied to the computation of stresses 
caused by dead load, snow and wind. The simpler forms of 
roof trusses are well adapted to the elucidation of general prin- 
ciples, which in bridge trusses usually become of a special 
nature, owing to the parallelism of the chords. 

In bridge trusses all methods of live loading are considered, 
beginning with that of a uniform load, passing to that of a loco- 
motive excess over one or more panels, and concluding with 
that now in most general use — ^the actual locomotive wheel con- 
centrations, followed by a uniform train load. Although the 
propriety of specifying typical locomotive wheel loads may 
perhaps be questioned, there can be no doubt but that, when 
once specified, the true static stresses should be computed for 
the given data, and not the approximate stresses from a so-called 
equivalent uniform load. The author has endeavored to present 
this subject in a simple manner and in accordance with the 
methods used in practice, and he acknowledges his indebtedness 
to the Phoenix Bridge Company for the convenient diagram for 
tabulating wheel moments. 

MANSFIELD MERRIMAN. 



NOTE TO FIFTH EDITION. 

Three new chapters, treating of special forms of trusses, of 
deflections, and of the history and development of bridges, were 
added in the fourth edition. 

In this edition all known typographic errors have been 

corrected. 

M. M. 
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ROOFS AND BRIDGES. 



CHAPTER L 

STRESSES IN ROOF TRUSSES. 

Art. I. Definitions. 

A truss is a structure arranged to carry loads in such a manner 
that each principal member is subject only to stress in the direc- 
tion of its length, that is, to a tensile or to a compressive stress. 
The points where these members meet are called 'joints,' and 
the rivets, pins, or other connections which form the joints are 
subject to shearing, or to combined stresses of shear, compression 
and flexure. The simplest form of a roof 
truss is a triangle, such as shown in Fig. i, 
consisting of two inclined compression 
members and a horizontal tension mem- 
ber, the load P being applied at the peak. '* '* 

In order that a truss may perfectly conform to the above defi- 
nition it is necessary that the loads should be supported only at 
the joints, for, if placed at intermediate points on the members^ 
flexural stresses will be produced. Trusses are sometimes built 
with loads so placed, but it is not regarded as the best design, 
and the flexural effects must be carefully computed. 
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It IS further necessary that all the elementary figures in a truss 
should be triangles, since a triangle cannot change its shape 

without altering the lengths of its 
sides, and hence the deformation 
of the truss under loads will be due 
only to the slight alterations in the 
lengths of the members caused 
by the stresses. A rectangular or 
polygonal figure, pn th^ other hand, if .loaded W. one ^ on more 
joints, can change its shape without altering the lengths of its 
sides, and hence would be unstable. 

Members which take compression are called 'struts,' 'columns,' 
or * posts.' Members which take tension are called * ties.' The 
upper member, or line of members A C (Figs, i and 2), is desig- 
nated as the * upper chord ' or sometimes as the * main rafter,' 
and the lower part ADB as the Mower chord,' or 'tie rod.' 
The members connecting the upper with the lower chord are 
termed 'braces;' some of these are in tension and others in 
compression. 

The fundamental principles of statics, as set forth in books on 
* Theoretical Mechanics ' and as exemplified in * Mechanics of 
Materials,' serve to determine the stresses in trusses due to given 
loads and to investigate the strength of members and joints. 
The following problems are now to be solved by the student, 
referring, if necessary, to books on these subjects. 

Prob. I. In Fig. I, the span AB is 24 feet and the rise CD is 
1 2 feet. Find the stresses in the three members due to a load P 
of 8 000 pounds. 

Prob. 2. The span in Fig. i is 24 feet and the rise is 6 feet 
Find the stresses due to a load of 8 000 pounds at the peak. 

Prob. 3. If AB, AC and BC are timbers, each 3X4 inches, 
find the stresses per square inch for the case of the last problem. 
(See Mechanics of Materials, Arts. 5 and 59). Are the unit- 
stresses too high or too low ? 



Art. 2. LOADS on roof trusses. 3 

Art. 2. Loads on Roof Trusses. 

The loads to be considered in discussing a truss are of four 
kinds : the weight of the truss itself, the weight of roof-coverings 
the snow, and the wind. 

The weight of the truss depends upon the span, the distance 
apart of the adjacent trusses in the roof, the weight of the roof 
covering, and other elements of design. This weight can only 
be ascertained by the records of experience, and in Ricker*s 
* Construction of Trussed Roofs,* page 46, is a table deduced 
from data given by different authorities which seems to afford the 
best figures now attainable. The following formulas give results 
approximately agreeing with those found by the use of this table. 
Let / be the span in feet, a the distance in feet between adjacent 
trusses, and W^ the approximate weight of one truss in pounds. 
Then, 

For wooden trusses, W^= \al (i + A-')> 

(i) 
For wrought iron trusses, W=^ \al (i + -jl^/). 

The wooden trusses are to have wrought iron tension mem- 
bers, in accordance with the usual practice, and it is seen that 
they are materially lighter than the wrought iron trusses. For 
example, if /== 100 feet and ^ = 12 feet, the formulas give about 
6 600 pounds for a wooden and about 9 900 pounds for a wrought 
iron truss. 

The roof covering consists of the exterior ' shingling * of tin, 
slate, tiles, corrugated iron, or wooden shingles, resting usually 
upon timber 'sheathing,* which is supported by 'purlins,* or 
beams, running longitudinally between the trusses and fastened 
to them at the upper joints. In large roofs the sheathing is laid 
upon * rafters * parallel to the upper chord, the rafters resting 
upon the purlins. The actual weight of the roof covering, rafters, 
and purlins is to be determined only by. computation for ej^ch 
particular case, but the following values will serve for preliminary 
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designs and approximate computations. The weights given are 
tn all cases per square foot of roof surface. 

For shingling — ^tin, i pound; wooden shingles, 2 or 3 
pounds; iron, i to 3 pounds; slates, 10 pounds; tiles, 
12 to 25 pounds. 

For sheathing — ^boards i inch thick, 3 to 5 pounds. 

For rafters — 1.5 to 3 pounds. 

For purlins — wood, i to 3 pounds ; iron, 2 to 4 pounds. 

Total roof covering — ^from 5 to 35 pounds, per square foot 
of roof surface. 

The snow load varies with the latitude, being about 30 pounds 
per horizontal square foot in northern New England, Canada, 
and Minnesota, about 20 pounds in the latitude of New York 
City and Chicago, about 10 pounds in the latitude of Baltimore 
and Cincinnati, and rapidly diminishes southward. On roofs 
having an inclination to the horizontal of 60 degrees or more 
this load may be neglected, as it might be expected that the 
snow would slide off. 

The wind load is variable in direction and intensity, and often 
injurious in its effects. As it is very customary, however, to 
design small roofs without considering the wind, the subject will 
be deferred until Art. 13. 

For the purpose of securing uniformity in the solution of the 
examples and problems given in this book, the following average 
values will be used, unless otherwise specified : 

For the truss weight — compute from formulas (i). 

For the roof covering — 12 pounds per square foot of root 

surface. 
For the snow load — 15 pounds per square foot of horizontal 

area. 

Prob. 4. A wrought iron roof truss, like Fig. 2, has its span 
80 feet and its rise 30 feet. The distance between trusses is 13 
feet, 6 inches, center to center. Find the approximate weight of 
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S 



the truss, the weight of the roof covering, and the snow load 
upon it 

Prob. 5. A wooden roof truss, like 
Fig. 3, has the span 60 feet, rise at peak 
30 feet, rise at hip 20 feet, horizontal dis- 
tance of hip from peak 20 feet, distance 
between trusses 1 2 feet Find the approx- 
imate weights of the truss, roof covering and snow load. 
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Art. 3. Apex Loads and Reactions. 

The weight of the snow and of the roof covering is brought, 
as has been shown, by the purlins to the joints or * apexes ' of 
the upper chords of the roof truss. The weight of the truss 
itself is also generally regarded as concentrated at the same 
points, the larger part of it being in fact actually there applied. 
At each apex of the rafter there is therefore a load, called an 

* apex load ' and these loads produce stresses in the truss. The 
loads together with the reactions of the supports constitute, in 
feet, a system of forces held in equilibrium by the stresses in the 
members of the truss. 

Having found the weight of the truss, roof covering and snow 
load, the apex loads are easily determined by dividing the total 
load by the num- 
ber of divisions in 
the upper chords, 
if these be of equal 
length. These di- 
visions AD^ DCy 
etc., are called 

* panels,' or some- 
times 'bays.' Thus 
in Fig. 4, the apex 
loads at C and D 
are each one-fourth of the total load. At the supports the apex 
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loads are but one-half those at C and Z>. The apex load is often 
called the * panel load/ 

If the panels be of unequal length the load at any apex Is 
found by considering that the weights there brought by the pur- 
lins are those upon a rectangle extending in each direction half- 
way to the adjacent apexes, as illustrated in Fig. 4. 

The reactions of the supports are equal and each one-half of 
the total load, provided the two halves of the truss are symmet- 
rical. For unsymmetrical roof-trusses the reactions are found in 
the same manner as for concentrated loads on a beam. 

For example, take the case in Prob. 5. Here AD and i?Care 
found to be 22.36 feet. The truss weight from formula (i) is 
2 520 pounds. The weight of the roof covering on AD or DC is 
12 X 12 X 22.36 = 3 220 pounds. On AD there is no snow, as 
its inclination is greater than 60 degrees ; on DC the snow load 
isiSXi2X20 = 3 600 pounds. The apex loads now are, 
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The total weight of truss, covering, and snow hence is 22 600 
pounds, and each reaction is 1 1 300 pounds. 

Prob. 6. Find the apex loads and the reactions for the case 
of Prob. 4. 

Prob. 7. A wrought iron truss, like Fig. 3, has the span 50 
feet, rise at peak 25 feet, rise at hip 18 feet, horizontal distance 
from hip to peak 17 feet, distance between trusses 12 feet. Find 
the apex loads and the reactions. 

Art. 4. Relations between External Forces and 

Internal Stressf-s. 

The applied loads and the reactions of the supports are held 
in equilibrium by the internal stresses in the members of the 
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truss. If any section mn be imagined to be drawn cutting tfat 
truss, and forces S^, 5^, etc., be applied to the members cut 
which are equal in intensity and direc- 
tion to the stresses in those members, 
then the equilibrium will be undis- 
turbed. The applied forces on one side 
of the section /?, P^ P^, etc., together 
with the internal stresses 5„ 5,, etc., 
are hence a system in static equilibrium. ^ pj^. ^ 

Therefore, the important principle, 

The internal stresses in any section hold in equilibrium the 
external forces on either side of the section. 

The fundamental conditions of static equilibrium are three in 
number, and hence are sufficient to determine the unknown 
stresses if hese be not greater than three. 

The fundamental conditions of static equilibrium of a system 
of forces in a plane are the following: (See text-books on 
Elementary Mechanics.) 

H horizontal components = O, 
2 vertical components = o, 
H moments = o. 

These conditions state the relations between the internal 
stresses in any section and the external forces on either side of 
that section. 

From these conditions three equations may be written for any 
particular case. For example, in Fig. 5 let S^ be horizontal, and 
^, and ^^ be the angles made by 5, and 5, with the vertical 
Then from the first condition, 

5, sin ^, + 5, sin ^9, 4 ^3 = o, 

and from the second, 

ie - /^o - ^z - ^. - ^3 + -S", cos A - S, cos ^. = a 
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For the third condition a center of moments is to be selected ; 
this may be taken at any point. If it be taken at the apex P^, 
the moments of P^, 5, and 5, are zero, and the equation is 

{R-P^^r- PJ>, - PJ, - S^s^ = o. 

where r, /„ p^ and s^ denote the lever arms of 7?, P^, P^ and S^. 

It is best to regard the unknown stresses as tensile and to rep- 
resent them by arrows pointing away from the section, as in 
Fig. 5. Then state the equations' and find the numerical values of 
the stresses ; if these values are positive the supposition as to di- 
rection is correct and the forces are tensile, but if negative the 
direction should be reversed, or the forces are compressive. 

Prob. 8. In Fig i, the load P is 12 000 pounds, the span AB is 
30 feet and the rise CD is 16 feet. Find the stresses in AC^nd 
AD, using the first and Second conditions only. Find the stress 
in AD, using the third condition only. 

Prob. 9. In the wooden truss of Fig. 4, the span is 40 feet, rise 
of peak 15 feet, rise of tie rod 3 feet, distance between trusses 12 
feet, and mean loads as specified in Art. 2. Find the apex loads, 
the reactions, and the stress in the horizontal part of the main 
tie rod. 

Art. 5. The Method of Moments. 

The principle of moments is merely the third condition of 
static equilibrium, that the algebraic sum of the moments of all 
forces (Fig. 5) is zero, wherever the center of moments be taken. 
Py the successive application of this principle, using different 
centers of moments, the three unknown stresses may be found 
without the necessity of using the first and second conditions of 
equilibrium. Thus, for Fig. 5, an equation of moments contain- 
ing only S^ was written in the last Article. An equation con- 
taining only S^ may in like manner be written by taking the 
center of moments at the point of support, for then the moments 
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of ^, irid 5*3 are zero. And in general the stress in any tnemlber 
may be found by the method of moments as follows : • ' • 

Draw a section cutting three members. To find the streiss 
in one of these members, take the center of moments at 
the intersection of the other two members, state the equa- 
tion of moments between the stress and the applied forces 
on the left of the section, and, solve it for the unknown 
stress. 

.... . . . . .. ' !■ 

If the section drawn should cut but two members, the penter of 
moments for finding the stress in one of them may be taken* at 
any point upon the other. 

For example, take the truss in Fig. 6, where the span is 361 
feet, rise 14 feet, and apex loads as shown, the member S^ being 
normal to the main rafter or 
upper chord at its middle point. 
To find the stress 5„ draw a plane 
cutting 5,, S^ and S^, let the di- 
rection of S^ be away from the 
section, and take the center of 
moments at the peak. Then 




Fig. 6. 



(8 000 — 2 000) 18 — 4 000 X 9 — 5, X 14 = o, 

from which 5, = + 5 140 pounds, that is, tension. Similarly to 
find S^f take the center of moments at the apex above it, then the 
lever arm of 5, is 7 feet, and 

{8 000 •— 2 000) 9 — 5, X 7 = 0, whence 5, = + 7 7iopounds. 

For S^ draw a section cutting 5]^, S^ and 5„ take the center of 
moments at a, and find the lever arms for this center, then 

(8 000 — 2 000) 1444 — 4 000 X 5.44 + -S"^ X 8.87 = o, 

from which S^ = — 7 3 1 5 pounds, that is, compression. For S^ 
the center is also at a and S^ is found to be — 9 770 pounds. 
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* 

For S^ the section cuts 5„ 5^ and S^ the center is at the sup- 
port^ and 

4 ooo X 9 + 5^ X 114 = 0, whence 5, = — 3 160 pounds. 

For 5g the section cuts S^, S^ and S^ the center is at the sup- 
port, the lever arm is 14.0 feet, and 

4 000 X 9 — Sg X 14.0 = o, whence 5^ = + 2 570. 

The stresses in the right hand part of the truss are evidently the 
same as those just found for the left hand part. 

Prob. 10. A wooden truss, like Fig 6, has a span of 40 feet, a 
rise of 15 feet, and the distance apart of trusses 12 feet. Find 
total apex loads, reactions, and the stresses in all the members. 

Art. 6. Lever Arms. 

The method of moments serves to determine the stresses in all 
the members of any truss, provided a section can be drawn cut- 
ting less than four members. The only difficulty in the applica- 
tion of this lies in the determination of the lever arms of the 
stresses and the applied forces. These can always be found from 
the given data by the use of geometry and trigonometry, but the 
computation is sometimes laborious. The principle of similar 
triangles will in general be found useful and fruitful for this pur- 
pose. General rules need not, and indeed cannot, be given, appli- 
cable to all forms of trusses, but it will be found advisable to check 
the values obtained by making a drawing of the truss and 
measuring the lever arms by scale. The lever arms may, in fact, 
be found by this method with sufficient precision without the 
necessity of computation, if the drawing be carefully made to a 
proper scale. 

On account of the difficulty of computing the lever arms it is 
often customary to find only a part of the stresses by the method 
of moments, and to use the first and second conditions of equi- 



ART. 7. THE METHOD OF RESOLUTION OF FORCES. 
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librium for the determination of the others. This wil^ be exempli- 
fied in the next Article. 

Prob. 1 1. A roof truss, like Fig. 4, has its span 40 feet, rise of 
peak 1 5 feet, rise of tie rod 4 feet, the brace at D being normal 
to the main rafter at its middle point. State the equation of 
moments for each of the unknown stresses, and find the numer- 
ical values of all the lever arms. 

Prob. 12. In the truss of Fig. 3 there is one member whose 
stress cannot be found by moments according to the method as 
above explained. Why ? Explain how it can be found by 
moments. 




Art. 7. The Method of Resolution of Forces. 

The principle of this method is embraced in 
the first and second conditions of static equilib- 
rium as stated in Art. 4. Thus, in Fig. 7, if 

A» i^3» ?^ ^^^ ^^ ^^ ^^ angles made by 5,, 5,, S^ 
and S^ with the vertical, we have for a section 
cutting 5,, S^ and 5^, the two equations 

S^ sin /9, + ^S*^ sin ^^ + S^ sin ^^ = o. 
R — P^—P^-\^S^ cos ^, + 5*3 cos ^3 — S^ cos ^^ = o. 

Also if a section be drawn cutting 5^,, S^ and S^, as in Fig 8, we 
have 

6*3 sin ^3 + S^ sin ^^ — S^ sin ^^ = O, 

S^ cos ^3 — P, — S^ cos ^^ — 5, cos ^, = 0. 

Now, if in either of these cases one of the un- 
known stresses be first found by the method of 
moments, we have two equations containing two 
unknown quantities whose solution will deter- 
mine the other two stresses. The angle made Fig. t. 




12 



ROOF TRUSSES. 



Chap. I. 



by the member with the vertical is always to be taken as acute, 
so that both its sine and cosine are positive. 

By the successive application of this method, beginning with 
ihe two members which meet at the support, it is possible to find 

all the stresses without using 
the principle of moments. 

For example, take the truss in 
Fig. 9, which is the same as dis- 
cussed in Art. 5, where the span 
is 36 feet and the rise 14 feet 
From the giyen data, we find. 




Fiir. 9. 



s 
s 
s 
s 



in ^j = sin j9, = i, cos ^^ = cos ^^ = o, 

in ^j = sin ^^ = 0.790, cos ^^ = cos ^^ = 0.614, 

in j9j = 0.614, cos ^^ = 0.790, 

in /9g = 0.247, cos jSg = 0.969. 

Now cutting ^j and 5^, we have the two equations, 

5, + ^3 X 0.79 = o and 6 000 + ^3 X 0.614 = o, 

from which S^=^ — 9 770 and S^ = + 7 720 pounds. Next 
cutting 5,, S^ and 5^, we have 

5, + 5^ X 0.614 + 5^ X 0.790 = o, 
6 000 — ' 4 000 — 5^ X 0.790 + 5^ X 0.614 = o. 

Inserting the value of S^ in' this and solving, we find that 
.S^ = — 7315 and ^5 = — 3 160, as before. To find 5, and S^ 
a section may cut S^, S^ and S^y or one may be drawn cutting 

Prob. 13. Find the stresses in the members of Fig. i by this 
method, taking the load /* as 10 000 pounds, the span 24 feet 
and the rise 12 feet. 

Prob. 14. Find the stresses in S^ (Fig. 9) by using a section 
cutting the three members ^3, S^ and 5g. 
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Art. 8. Remarks. 

The words ' horizontal ' and * vertical ' used in stating the first 
and second conditions of equilibrium have thus far been used in 
their literal sense, but really, as shown in Analytical Mechanics, 
any two rectangular directions may be used instead, the general 
principle being that ' the sum of all the components must be 
zero for any given direction' in order to insure equilibrium. 
The * horizontal * may hence be taken as any direction, the 
' vertical ' being at right angles to it. By choosing properly the 
direction in which to resolve the forces the determination of 
stresses may often be simplified. Thus, in Fig. 9, to find S^, 
draw a section cutting 5„ S. and S., and resolve the forces into 
a direction parallel with S^, Taking a as the acute angle be- 
tween the load and S^ the equation is 4 000 sin a + 5^ = o, 
whence ^5 = — 3 160. 

The same remarks made in Art. 6 regarding lever arms apply 
also to the determination of the sines and cosines necessary for 
the method of resolution of forces. In finding these it will 
rarely be advantageous to use tables, but it will be best to com- 
pute them directly by the geometric relations of the figure and to 
check the results, if thought necessary, by a skeleton diagram of 
the truss drawn to scale. Three figures in the sine and cosine 
are sufficient, or for very important cases four, so that the stresses 
may be accurately computed to the nearest hundred pounds. 
For example, to find sin ^ we have 

Q 9 

sin p = = = 0.7895+ = 0.790 to three figure?. 

K9* + 7" 11402 

The student will have observed that the reaction and the half- 
apex load acting at the support are equivalent to an upward 
force equal to their difference. This upward force is the re- 
action due to the other apex loads, so that the apex load^ 
at the supports may be entirely omitted from consideration if 
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desired Thus, in the two cases shown in Fig. lO, the same 
effect is produced on the beam or truss by the second system 

of loads as by the first, for the loads at the 
end are directly borne by the supports. 

Usually in computing the stresses it will 
be best to use the method of moments for all 
pieces whose lever arms can be easily com- 
puted, and then to employ the method of 
resolution of forces for the others, selecting 

the direction of resolution so as to produce the simplest 

equations. 

^ Prob. 15. A truss, like Fig, 4, has 40 feet span, 15 feet rise at 
peak, and middle tie rod raised 4 feet. The apex loads at D and 
Care each 8 000 pounds. Find the stresses in all the members. 

Prob. 16. In a truss, like Fig i, AD = a, DB = b and 
CD = h. Find the stresses in the members caused by a load P 
at the peak C 

Art. 9. Dead Load Stresses. 

The weight of a roof truss and of the roof covering borne by 
it is called the ' dead load,' or * permanent load.* To find the 
stresses caused by the dead load it is only necessary to proceed 
as above, omitting the snow load from consideration. For ex- 
ample, the truss sihown 
in Fig. 1 1 may be dis- 
cussed. The span is 
100 feet, rise 20 feet, 
each rafter of upper 
chord divided into 
four panels, from 
which verticals are dropped upon the lower chord as shown. 
The truss being built with wooden compression members and 
iron tension members, its weight by formula (i) is found to be 
7 150 pounds. The distance apart of trusses is 13 feet, and the 
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load per square foot of roof surface, 12 pounds ; hence each apex 
load is 

—~- + 12 X 13 X 1/12.5' + 5» = 2 99J. pounds = 1.5 short tons, 

o 

and each effective reaction is 5.25 short tons. 

The stresses in the lower chords are best found by moments, 
the lever arms being 5, 10 and 15 feet to the centers in the upper 
chord. The verticals (except the center one) are also best found 
by moments, taking the center at the support. For the upper 
chords the method of resolution of forces may be used, as also 
for the diagonals. The upper chord and diagonals are found to 
be in compression, while the lower chord and the verticals are in 
tension. This form of triangular roof truss is well adapted to the 
combined use of wood and iron, and is extensively built. 

The following are the equations for finding the stresses in a 
few of the members. For the lower chord panel nearest the 
center, 

5.25 X 37.5 — i-s (25 + 12.5) — 5x15 = 0, 

For the second vertical, 

— i.S (25 + 12.5) + 5 X 37.S = o, 
For the second diagonal brace, 

1 1.3 — 9.4 + 5 X 0.781 == o. 

The dead load stresses, as thus found, are written on the dia- 
gram in short tons, the tensile members being drawn light and 
the compressive ones heavy. 

Prob. 17. An iron truss, like Fig. 11, has 100 feet span, 18 feet 
rise, and distance between trusses 14 feet Find all the stresses 
in short tons. 

Art. 10. Snow Load Stresses. 

While the dead load is estimated per square foot of inclined 
roof surface, the snow load is taken per square foot of horizontal 
area, since no more snow can fall upon an inclined surface than 
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Upon its horizontal projection. Now, if the upper chords or 
main truss rafters are straight from support to peak, as in Fig. 1 1, 
the area of roof surface for any panel bears a constant ratio to 
its horizontal projection. Consequently the snow apex loads are 
all equal, and therefore, the stresses due to the snow are to the 
dead load stresses in the same ratio as the corresponding apex 
loads. Thus, for Fig. ii, the dead apex load was 1.5 tons, and 
the snow apex load is 

IS X 13 X 12.5 = 2 438 pounds = 1.219 tons. 

Therefore, the snow load stresses may be found by multiplying 
the dead load stresses by { HI , that is, by 0.813. 

If the upper chords are not straight from supports to peak the 
snow apex loads will not bear a constant ratio to the dead apex 
loads, and the snow load stresses must be independently deter- 
mined. For instance, in the cres- 
cent truss whose dimensions are 
shown in Fig. 12, the snow apex 
loads are, for trusses 12 feet apart, 
15 X 16 X 12 = 2 880 pounds at 
the peak, and 15 X 12 X 12 = 2 160 
pounds at the hip, or 1.44 and 1.08 
short tons. The stresses due to these loads may now be found 
either by the method of moments or by the method of resolution 
of forces. 

Prob. 18. Find the stress caused by the snow in the horizontal 
tie of Fig. 12. Ans, 2.59 tons tension. 

Prob. 19. Find the stress caused by the snow in the middle 
brace of Fig. 12. Ans. Lever arm = 25 ft. and stress =0.12 
tons compression. 

Art. II. Ambiguous Cases. 

When the members of a truss are so arranged that it is impos- 
sible at certain places to pass a section cutting less than four pieces 
a difficulty or ambiguity may arise, since the three conditions of 





Fig. 13. 
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equilibrium can determine but three unknown quantities. In 
such cases a fourth condition is sometigies found in the symmetry 
of the truss and loads. The common form known as the Fink 
roof truss furnishes an example of apparent ambiguity. Here 
the rafter ae is divided into four equal parts and normal to it are 
drawn the struts ' 

bf, eg, and dh^ 
while all the other 
members are ties. 
Now, for the mem- 
ber ch, no section 
can be drawn cut- 
ting less than four pieces. But as bf and dh are symmetrically 
situated with reference to the loads their stresses are equal, and 
the same is true for cf and ch ; hence, as the stress in cf can 
be found, that in ch is known. 

The stress in ch can also be determined in another way. First 
find the stress in gk by moments, then draw a section cutting cd, 
ch, gh and gk, and state an equation taking the center of moments 
at the peak. This equation contains the stresses in ch and gk, but 
the latter is known, and hence the former is easily obtained. 

Prob. 20. In Fig. 13 take the span 80 feet, rise of peak 17 feet,, 
rise of tie 2 feet, apex loads each 2.525 tons. Find the stresses 
in all members. Ans, gk = + 13.4, gh = + 9.6, ch = + 3.8^ 
cd = — 26.6, dh = — 2.4, etc. 



Art. 12. The Ends of Roof Trusses. 

Roof trusses of short span, and particularly wooden trusses, 
have generally both ends firmly * fixed * to the supporting 
walls. But iron trusses ind usually all trusses of large span have 
only one end fastened, while the other is * free ' or merely sup* 
ported, so that it may move horizontally in the direction of the 
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plane of the truss. This construction is adopted in order that 
the truss may expand and contract under changes of temperature 
and thus the stresses due to this cause be avoided. (Mechanics 
of Materials, Art. 73.) 

There are three methods of arranging the supported end of 
the truss, ist, it may rest upon a smooth iron plate upon which it 
slides ; 2d, it may be arranged with a rocker as at A, Fig. 14 ; or 

3d, it may rest 
upon rollers as 
at B, The last 
method is the 
one most gener- 
ally employed. 
The first method 
in the case of 
heavy roofs is objectionable on account of the large frictional re- 
sistance to sliding. 

Prob. 21. In the roof of Fig. i the ends are fastened to the 
walls. If the stress in the wrought iron tie rod is 8 000 pounds 
per square inch at 70° Fahr., what will be the stress at 40° Fahr. ? 




Fig. 14. 



Art. 13. Wind Loads. 

The pressure produced by the wind depends upon its velocity, 
being about i pound per square foot for a velocity of 1 5 miles 
per hour, about 5 pounds for 30 miles, about 18 pounds for 60 
miles, and probably 50 pounds for a very violent hurricane at 100 
miles per hour. For roof and bridge computations the pressure 
is usually taken at 40 pounds per square foot of vertical surface, 
the wind being supposed to move horizontally. 

In England and to a slight extent in this country the effect of 
the wind is computed by placing a vertical load of 20 to 40 
pounds per square foot on one-half the roof only and finding the 
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stresses due to this load. This method is defective, because the 
action of the wind is usually horizontal rather than vertical. 

The action of the wind on an inclined roof surface is not fully 
understood, but e3q>eriments indicate that the resultant effect of 
a horizontal wind on an inclined surface may be represented by a 
normal force varying with the roof inclination. The following 
values deduced from Hutton's experiments give the normal 
pressure per square foot for a horizontal wind pressure of 40 
pounds per square foot for different inclinations of the roof 
surface : 
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For all inclinations greater than 60** the normal pressure per 
square foot is 40 pounds. If the horizontal wind pressure should 
be assumed lower or higher than 40 pounds the normal pressures 
may be decreased or increased in the same ratio. For inter- 
mediate inclinations interpolations may be made in the table. 

The wind apex loads are next to be found. For example, let 
Fig. 1 5 represent a truss of the dimensions shown, the distance 
between trusses being 12 feet. 

** \/3ao 

The inclination of ab is found to 

be 56** 19', and that of be 14** 02', 

and hence from the above table **«?> 

the normal wind pressures per 

square foot are 39.5 and 13.3 

pounds respectively. The total normal wind pressure on ab is 

then 

39.5 X 12 X 1/64 + 144 = 6 840 pounds, 

one-half of which is applied at a and one-half at by as showa 
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In the same way, the wind upon be brings at b and c two normal 
apex loads, each of i 320 pounds. 

Prob. 22. Find the wind apex loads for the Fink truss of Prob. 
20 and Fig. 13, the trusses being 16 feet apart between centers. 




Art. 14. Reactions Due to Wind Loads. 

The reactions caused by the wind are inclined, the horizontal 
components of which tend to push over the walls of the build- 
ing. It will be necessary to distinguish two cases, the first when 
both ends of the truss are fixed, and the second when one end is 

free to move. 

Let Fig. 16 represent a truss 

with both ends fixed, its span 
being 40 feet and its rise 15 
feet, and the wind apex loads 
1.8, 3.6 and 1.8 tons, as shown. 
The reactions R^ and R^ are 
parallel to the wind loads, since 
the sum of the components of all exterior forces in that direc- 
tion must vanish. If d be the angle made by the upper 
chord with the horizontal, and the center of moments be at the 
left support, we have 

R^ X 40 cos ^ — 1.8 X 20 sec ^ — 3.6 X 10 sec fl = o, 

from which, since cos ^ = f , the value of R^ is 2.8125. In the 
same way by taking the right support as a center of moments 
we find the value of R^ as 4.3875. The sum of R^ and R^ is, of 
course, equal to the total wind load 7.2 tons. 

When one end of the truss 
is free and the wind blows on 
the fixed side, as in Fig. 17, 
the reaction R^ at the free end 
must be vertical. The reaction 
at the fixed end is inclined, but 
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it will be convenient to resolve it into a vertical component R^ 
and a horizontal component H. To find H we state the con- 
dition that the algebraic sum of the horizontal components of 
the exterior forces must be zero, which gives 

(1.8 + 3.6 + 1.8) sin tf — -// = o, whence H = 4.32. 

To find R^ take the center of moments at the left support, thsn 

R^X 40 — 3.6 X 12.5 — 1.8 X 25 = o, whence R^ = 2.25. 

R^ may also be found by regarding the whole wind load, 7.2 
tons, as concentrated at the middle of the rafter and resolving 
it into vertical and horizontal components, 5.76 and 4.32 respec- 
tively; then 

7?, X 40 — 5.76 X 10 — 4.32 X 7.5 — o, whence R^ — 2.25. 

To find R^y take the center of moments at the right support ; 
then 

i?, X 40 — 5.76 X 30 + 4.32 X 7.5 = o, whence R^ = 3.51. 

As a check /?, + R^ should equal the vertical wind load com- 
ponent, 5.76 tons. 

When one end of the truss is free and the wind blows on the 
free side, as in Fig. 1 8, the re- . 

action of the fixed end may be ^'^vv 

also represented by its vertical y^/ I \ >v /xe 

yC / ^ \ yV 

and horizontal components, jr \/ ^ \/ >v 

while at the free end the reac- ^^X"^'^^\^' - ".r^^Tr^rr^^^W^ 

tion is vertical only. By the t^ ^t 

use of the fundamental con- 
ditions of equilibrium, we find in the same manner as above, 
//■= 4.32, R^ = 2.25 and R^ = 3.5 1. This illustration shows that 
for the same truss the values of R^ and R^ interchange, when 
the wind changes from one side of the roof to the other, and 
that II reverses its direction. 
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P^ sin «,+ P3 sin d^ —H^o. 



For a truss with broken upper chord, like Fig. 19, the same 

general principles apply* If P^ fiind 
P^ be the normal wind loads on the 
two bays and ^, and 9^ the angles 
which they make with the vertical^ 
we have for the horizontal reaction, 

Pig. 19. /^ ' ...• ^ 
For the vertical reactions, we have by mcwnents, 

R^Xba-'P^Xbe — P^X bf^ o, 
R^Xab — P^Xac-P^Xad^o, 
and the sum R^ + R^ must equal P^ cos tf ^ + P^ cos ^^. 

Prob. 23. A Fink truss, like Fig. 17, has its span 80 feet, rise 
17 feet, total normal wind load, 4.38 tons. Find the reactions 
for wind on the fixed side. 

Prob. 24. For the same truss find the reactions due to wind on 
the free side. 

Prob. 25. A truss, like Fig. i,has the span 40 feet, rise 12 feet, 
distance between trusses 12 feet. Find the wind load, and the 
reactions when both ends are fixed. 



Art. 15. Wind Stresses in Trusses with Fixed Ends. 

The stresses caused by the wind may now be computed by 
the methods of Arts. 5 and 7. As the wind load is unsymmet- 
rical to the truss, the stresses in the corresponding members on 
the right side are different from those on the left side, and hence 

the stresses must be found 
throughout the entire truss. 

As an example, take the 

truss in Fig. 20, where the 

span is 48 feet, rise 18 feet, 

^»ff- ^' ^'^* ^ and wind loads and reactions 
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as shown, both ends being fixed. From the given rise and span 
the lengths of S^ and S^ are found to be 15 feet, of 5^ and 5^, 
18.75 feet, and of S^, 1 1.25 feet ; also, cos 6 = 0.8 and sin = 0.6. 
Then for the left hand part of the truss, we find 

2 87s X IS — 5, X 9 = o, 5, = + 4 790, 

287s X 30 — 4000 X 15— 5, X 18 = 0, 5, = + 1460, 

2 875 X 15 + ^3 X 11.25 =0, ^3 = — 3 830, 

— 4 000 X15 — 5^X15 = 0, 5^ = — 4 000, 

^4000X15 + ^5X18 = 0, 56= + 3333 

For the right hand part of the truss it will be most convenient 
to resolve the reaction 3 125 into the horizontal and vertical 
components, i 875 and 2 500 respectively, and in stating the 
equation for any piece, pass a cutting plane and consider the 
unknown stresses, as in equilibrium with the forces on the 
right hand side of the section. Thus, 

2 500 X 12 — I 875 X 9 — 5', X 9 = o, S\ = + I 460, 

2 500 X 24— I 87s X 18 — 5', X 18 = o, S'^ = + I 460, 

2 500 X 18.75 + ^'3 X 1 1.25 =0^ 5^3 = — 4 170, 

S\ = o, y, = o, y^ = — 4170 

Prob. 26. Find all the wind stresses for the truss with fixed 
ends, shown in Fig. 16, the rise of the tie being 2 feet 



Art. I 6c Wind Stresses in Trusses with One End Fixed 

AND THE Other Free. 

For these trusses the stresses are to be computed for all mem- 
bers, taking the wind on one side of the roof, and then again for 
all members taking the wind on the other side. 
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Take the truss in Fig. 2 1 , whose span is 60 feet, rise 1 2 feet, 
rafter divided into three equal parts, struts normal to rafter, dis- 
tance between trusses 13 feet 9 inches. By Art. 13, the normal 
wind load per square foot of roof surface is 19.9 pounds, which 
gives a total wind load of 8 850 pounds, subdivided into apex 

./a7s loads as 

shown. For 
wind on the 
fixed side, 
the reactions 
t" are found by 
^*«^-"- ' Art. 14. Fi- 

nally by the methods of Art. 5 and Art. 7, the stresses due to 
these loads are computed and marked on the diagram. In this 
particular case the method of moments will be found most con- 
venient for all members except the inclined ties, and it will be 
often best to state the equation including the applied force on the 
right of the section rather than on the left. Thus, for the second 
panel of the lower chord the equation for forces on the left is 

5 834 X 20 + 3 286 X 8 — I 475 X 21.54 — 2 950 X 1077 

+ 5 X 8 = o, 

while for the forces on the right, it is 

2 383 X 40 — I 475 X 10.77 — ^ X 8=0, 
from both of which we find, 5 = -f- 9 930 pounds. 

When the wind blows upon the free side of the roof the 
stresses are materially different, as shown by the comparison of 

the values in 
Fig. 21 with 
those in Fig. 
22. In the 
first case the 
tendencv of 
the wind .:? 




Fig. 32. 



to flatten the roof, in the second to double it up. 
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Prob. 27. Find the stresses for the truss in Fig. 21, caused by 
the given wind loads. 

Prob. 28. Find the stresses for the truss in Fig. 22, caused by 
the given wind loads. 

Prob. 29. Prove that there are no wind stresses in the bracing 
on the unloaded side, when both upper and lower chords are 
straight from the support to the center. 



Art. 17. Final Maximum and Minimum Stresses. 

The stresses caused by the dead load always exist, and these 
are increased (or sometimes diminished) by the stresses due to 
wind and snow. In order to design a member for the range 
of stress (Mechanics of Materials, Art. 81), it is necessary to 
know the maximum and minimum stresses due to combination 
of the dead load with the other loads. The word maximum will 
here be used as meaning the greatest tensile or greatest compres- 
sive stress, and the word minimum as meaning the least stress of 
the same kind. 

Let the data for the truss, in Fig. 23, be as follows : 
Span = 60 feet, rise of upper chord =13 feet, rise of lower 
chord = 2 feet, rafter divided into three equal parts, struts verti- 
cal, dead load of truss and roof covering = 1 2 pounds per 
square foot of roof surface, distance apart of trusses = 15 feet, 
snow load per horizontal square foot =15 pounds, wind load 
per vertical square foot = 40 pounds, one end of truss on rollers. 

From these data the dead load stresses, snow load stresses, 
and stresses 
due to wind 
on each side 
are compu- 
ted by the 
methods of 
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the preceding Articles and tabulated, in short tons, as follows : 
For the lower chord, 
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Dead load stresses 
Snow load stresses 
Wind on fixed side 
Wind on free side 


+ 6.7 

+ 7.7 
+ 9.0 

+ 1.3 


+ 6.7 
+ 7-7 

+ 3.9 
+ 6.4 


+ 5.4 
+ 6.2 

+ 6.4 

+ 1-3 


+ 5.4 
+ 6.2 

+ 3.9 
+ 3.9 


+ 4.0 
+ 4.6 

+ 3-9 
+ 1.3 


+ 4.0 
+ 4.6 

+ 3.9 

+ 1.3 


Maximum stresses 
Minimum stresses 


+ 23.4 
+ 6.7 


+ 20.8 
+ 6.7 


II ■■■ 

+ 18.0 
+ 5.4 


+ 15.5 
+ 5.4 


+ 12.5 
+ 4.0 


+ 12.5 

+ 4.0 



Here, as the stresses due to all the loads are positive, the maxi- 
mum stress for each member is found by adding the separate 
stresses, remembering that the wind can only blow upon one side 
of the roof at the same time, and the minimum stress in each 
case is that caused by the dead load. 

In the same manner we find for the upper chord. 





^4 


S\ 


^5 


^ 5 


^6 


S'6 


Dead load stresses 
Snow load stresses 
Wind on fixed side 
Wind on free side 


— 7.3 
-8.4 

-7.9 
-3.6 


— 7.3 

— 8.4 

— 4.2 

— 7.4 


— 7.3 

— 8.4 

— 8.6 
-3.6 


— 7.3 

— 8.4 

— 4.2 

— 8.1 


-5.8 
-6.7 
-r6.6 

-3.6 


-5.8 
-6.7 

— 4.2 

— 6.0 


Maximum stresses 
Minimum stresses 


— 23.6 
— 7.3 


• 

— 23.1 
— 7.3 


— 24.3 
— 7.3 


— 23.8 
— 7.3 


— I9.I 

-5.8 


— 18.S 
-5.8 



and for the braces, 
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•S-7 

— 1.0 

— I.I 
-1.9 

4.0 

1.0 


■^'7 

1.0 

— I.I 

-1.9 

— 4.0 

— 1.0 


^8 

+ 1.7 
+ 2.0 

+ 3.3 


+ 7.0 
+ 1.7 


^^8 

+ 1-7 
+ 2.0 



+ 3.3 

+ 7.0 
+ 1.7 


-^9 

—1-5 

— 1.7 

—2.8 



— 6.0 
-1.5 


^^9 

— 1.5 

— 1.7 


—2.8 

— 6.0 
-1-5 


^xo 

+a.o 
+2.3 

+3.9 


+8.2 
+2.0 


^^o 

+2.0 

+2.3 



+3-9 

+8.2 
+2.0 


+0.5 
+0.6 

+0.5 

+0.1 
+ 1.6 

+0.5 


Dead load stresses 
Snow load stresses 
Wind on fixed side 
Wind on free side 


Maximum stresses 
, Minimum stresses 
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For this truss the maximum stresses for corresponding mem- 
bers on the fixed and firee sides differ but little, and in practice 
they would be built of the same size, but a truss with curved 
upper chord and of large span may often have a great varia- 
tion, or even reversal of stress, in some of the corresponding 
members. 

It should be noted that some authors suppose in finding the 
maximum stresses that both wind and snow do not act at 
the same time. Under this supposition the final stresses are 
always less than by the method above followed ; thus, the 
maximum stresses for S^ and S^^ would be — 2.9 and -|-l.i tons 
respectively. 

Prob. 30. Let the span of a wooden truss, like Fig. 17, be 40 
feet, rise of peak 1 5 feet, rise of tie 2 feet, distance apart of 
trusses 13 feet, one end on rollers, dead and snow loads as in 
Art. 2. Compute the maximum and minimum stresses in all 
members. 

Art. 18. Crescent Roofs. 

It will have been observed when the upper chords are broken, 
as in Figs. 3 and 12, that the computation of the sti esses becomes 
laborious, on; account of the difficulty of finding the lever arms 
or the sines or cosines of the angles. In practice, the stresses 
for such trusses are generally found by the methods of Graphic 
Statics, without the necessity of other computations than the 
determination of apex loads and reactions. But in all such 
cases it is usual to compute one or more of the simpler stresses 
in order to check the graphical work. The chord piembers are 
usually straight between adjacent apex points. 

Prob. 31. A wrought iron truss of the dimensions given in 
Fig. 1 2, has a roof covering weighing twelve pounds per square 
foot of roof surface, trusses twelve feet apart, snow load 15 
pounds and wind load 40 pounds on horizontal and vertical sur- 
faces respectively, one end of the truss on rollers. Find the 
maximum and minimum stresses in the horizontal tie rod. 



1 
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Art. 19. Purlins. 

A * purlin ' is a beam placed longitudinally between the trusses, 
and upon which the roof covering rests, either directly or by 
means of rafters. The simplest purlin is a wooden beam ; next 
come wrought iron T or I beams ; and then follow iron trussed 
beams. 

The simple purlins are investigated exactly like beams. (Me- 
chanics of Materials, Chaps. Ill and IV.) Let its length be /, 
which is the distance between the roof trusses ; the uniform load 
upon it be JV, which includes its own weight, the roof covering, 
the snow, and if necessary the wind. For all cases the external 

Sf 
bending moment M equals the internal resisting moment — 

For a beam supported at ends M ^ \Wl, but for fixed ends 
M= -i^Wl; usually ^is between these values. We have then 

S=-^ or .S--^ 

as the limiting values of the greatest unit fiber stress S^ and by 
the use of this we may find v? and hence the factor of safety of 
an existing purlin, or having assumed a proper value of »? we 
may design a purlin for a given length and load. 

A purlin or beam may be ' trussed * as in Fig. 24. The effect of 
this is to cause ab to be in compression and adb in tension. It is 

J indeed a small truss, the loads being 
applied at c, and is computed by the 

a c c h methods of the preceding Articles. The 

*^ — v ^ ^^^^ at c should include the weight of the 




Fig. 84. purlin itself, of the roofing and the snow 

ana wind. If, in the second sketch, ^^ = 4 feet, rr = 4 feet and 
cd ^= 2 feet, and each load at ^ be 2 000 pounds, we find for the 
stress in the upper chord 4 000 pounds compr<?ssion, and in dd 
also 4 000 pounds tension, while cd has 2 000 pounds compress 
sion, and ad has 4 450 pounds tension. 
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Prob. 32. A roof with a slope of 30° has its trusses 12 feet 
apart. The purlins are also 12 feet apart. The weight of purlins 
and roof covering is 1 2 pounds per square foot of roof surface, 
and the snow is 15 pounds per square foot of horizontal area; 
wind not considered. The purlins are I beams fixed at ends, 
depth 4 inches, width of flanges 2.5 inches, thickness of flanges 
and web 0.32 inches.. Find the greatest unit-stress 5, and the 
degree of security of the purlin. 

Prob. 33. For the same data it is required to design a wrought 
iron trussed purlin of the first form in Fig. 24 and to find the 
dimensions of all its pieces so that the stress per square inch may 
be 7 000 pounds. 

Art. 20. Flexural Stresses in Members. 

The maximum and minimum stresses found by the methods of 
the preceding Article are those upon a skeleton truss ; that is upon 
members without weight. But the members themselves have 
weight, and sometimes loads are placed on the lower chord, or 
purlins attached to the upper chord between the apex points. 
The effect of these loads is to cause flexural stresses, increasing 
the longitudinal stress on one side of the member and decreasing 
it upon the other. (See Chap. VII, Mechanics of Materials.) 

The following example will indicate the method of investigat- 
ing the flexural effect caused by purlins. Let AB be a portion of 
the upper chord or main rafter between two apex points A and 
B; its length is 14 feet, size 4X6 
inches, and at its middle point a 
purlin brings a load of 840 pounds. 
The rafter is inclined 30° to the hori- 
zontal and the compressive stress 
upon it is 16000 pounds. It is re- 
quired to find the greatest unit com- 
pressive stress upon the upper fiber at the middle of the rafter, 
due to the direct compression and the purlin load. 
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For the direct compressive stress we have from Rankine's 
formula for columns 

16000/ I i4» X I2'\ 

o, = — -rz I I H 1=2 700 lbs. per sq. mch. 

4 X6 \ 3000 3 / ^ ^ 

For the flexural stresses the vertical load may be decomposed 
into components parallel and normal to the rafter. The parallel 
component P is 420 pounds and the normal one Q is ^2^ pounds. 
The effect of P is a direct compression, and the unit stress due 

to it is 

420 
5, = — -^-? =17 pounds per square inch. 

The effect of (2 is a flexural stress, and regarding the beam as 
fixed we have 

Mc 727X14X12X3X12 ^ .„ . , 

•^3 = -7 = "TxT X 6X6X6"" = ^36 lbs. per sq. mch. 

The total unit compressive stress on the upper fiber hence is 

5=2 760 + 17 + 636 = 3 413 pounds per square inch, 

which is too great for a wooden member, since the factor of safety 
is only about 2.5. 

The effect of the flexure caused by the weight of the members 
themselves is usually not considered in actual design as it is gen- 
erally small compared to the total stress. In the above case, taking * 
the weight of the beam at 40 pounds per cubic foot, the direct 
compression due to the weight is i pound per square inch, and 
that due to the flexure 48 pounds per square inch. ' 

Prob. 34. A wooden upper chord, as in Fig. 25, has a direct 
compression of 20 000 pounds, and is loaded by a purlin at the 
middle with 750 pounds. Its length is 16 feet, its size 4 X ^ 
inches, and its inclination 45°. Find its depth so that the 
greatest fiber stress at the middle may be about 800 pounds per 
square inch. 



Art. 21. INVESTIGATION OF ROOF TRUSSES. 3 1 

Prob. 35. A light 4-inch I beam which serves as part of the 
upper chord is 1 2 feet long, 30° inclination, and is supported at 
ends. The compression on it is 18750 pounds, and it carries 
three purlins 4 feet apart, each with its load weighing 250 pounds. 
Find the greatest fiber stress at the middle of the beam. 

Art. 21. Investigation of Roof Trusses. 

To investigate an existing roof truss the following steps are 
necessary : 

{a) Measure all the pieces, and ascertain the quality of the 

materials. 
(d) Compute all the crpss-sections, and the weight of the 

structure. 

(c) Assume the proper snow and wind loads. 

(d) Compute the maximum and minimum stresses in all the 
members. 

(e) Find the greatest unit-stresses in all members and con- 
nections. 

A careful consideration of these operations will show that the 
investigation of a roof truss is a complex problem requiring 
great skill, judgment and experience, and that the computation of 
the stresses is the least difficult part. In the examination of the 
structure particular attention must be given to the joints and con- 
nections, since it often happens that these are weaker than the 
main members. In a wooden truss many joints have parts sub- 
ject to shearing, which need careful investigation on account of 
the slight resistance of timber to this stress. In iron trusses the 
riveted joints must be tested for the bearing compression as well 
as for shear and tension, while the pins are to be computed for 
bending as well as for shearing. In any important case it will be 
best to make a working drawing showing all details, since thus 
the data as to dimensions are most clearly presented. 

Prob. 36. A roof truss, like Fig. 11, has 100 feet span and 
20 feet rise. The upper and lower chords are timbers, the former 
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ID X lo inches and the latter 6 X lO inches, the maximuna 
stresses upon which, due to dead, snow and wind loads, are 
5 200 and 4 900 pounds. Find the unit-stresses. 

Art. 22. Design of Roof Trusses. 

In making a design for a proposed roof its span is generally 
given, and also certain limits regarding its height and style. 
The following are then the steps of procedure : 

{a) Design the roof covering, purlins, etc., and find their 

weights. 
(6) Make a skeleton outline of the proposed truss. 
(c) Assume the proper snow and wind loads. 
{d) Compute the maximum stress in all members. 
{e) Assume the proper working unit-stresses for the materials. 
(/) Design the sections and the connections. 
(g) Make drawings, compute weights and estimate the cost. 

It will be seen that the process of design is far more difficult 
than that of investigation. The computation of stresses is the 
least part of the problem, being merely a mathematical exercise,, 
whose solution is easy when the data are known. But in the 
determination of the data and in the execution of the design,, 
great ingenuity, judgment and experience are required in order 
to produce a safe and economical structure. The roof is to be 
built so that all parts of it possess the proper degrees of security^ 
and so that its cost shall be the least possible. Often several 
designs must be investigated to secure this result. 

In Art. 17 the minimum stress in each member, as well as the 
maximum stress, is determined in order to ascertain the range of 
stress. It should be noted, however, that repeated stresses in 
roof truss members occur at wide intervals of time, and hence 
are not so injurious as in bridge trusses. In designing roof 
truss members the maximum stress alone is usually employed, 
the minimuni stress being disregarded, or if regarded at all, a 
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slightly lower working unit-stress is used for those members 
subject to great ranges. 

The formulas for the weights of trusses, stated in Art. 2, give 
only rough approximate values, and should never be used when 
the actual weights of trusses similar in style to those of the pro- 
posed design can be obtained. On the completion of a design the 
computed weight of the truss should be compared with the 
approximate assumed weight, and if a difference so great as six 
or eight per cent, be found, it may be necessary to repeat the 
computations and revise the entire design, so that the assumed 
and computed weights shall agree. 

If specifications as to roof covering, loads, properties of mate- 
rials, etc., be given in advance to the designer, as is. generally 
the case, his task is rendered easier and his responsibility lighter. 
Such specifications should always be carefully prepared and 
made a part of the contract between the buyer and the builder 
of the roof See Part III. 

Prob. 37. Design the main outlines of a plan for a roof over a 
building 80 feet wide and 250 feet long. 
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CHAPTER 11. 

HIGHWAY BRIDGE TRUSSES. 

Art. 23. Definitions. 

A bridge truss, like a roof truss, consists of members so 
arranged that each is subject only to stress in the direction of its 
length. For the same reasons as given in Art. i, the elemen- 
tary figures should be triangles, and the loads be applied 
only at the apex or panel points. 

r 

A 'simple truss' is one supported at the two ends, while 

a 'continuous truss' 
is supported at more 
than two points. Only 
^*' **' simple trusses will be 

considered in this Chapter and the next. 

A bridge truss consists of the * upper chord,' the * lower cliord' 
and the 'braces ' or * web members,' whose functions are similar 
to the corresponding parts of roof trusses. The upper chord is 
in compression and the lower in tension, like the top and bottom 
fibers of a simple beam, while the members composing the 
bracing (or webbing) are some tensile and some compressive. 

A bridge usually consists of two trusses connected by a floor 
attached to the panel points of either upper or lower chords, 
while the other chords are united by * lateral bracing.* When 
the floor is placed upon the upper chords it is termed a ' deck 
bridge,' and when upon the lower chords a 'through bridge.' 
When a through bridge is so low that lateral bracing cannot be 
used between the upper chords, the trusses are called 'pony 
trusses.' 
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The bridge floor consists of ^ floor beams/ which run at right 
angles to the chords, and are connected to them at the apex or 
panel points, * stringers * which rest upon the floor beams and are 
parallel to the chords, and the planks, which rest upon the 
stringers and support the load. The roadway is that part of the 
floor between the two trusses, while the sidewalks, if any, are 
placed outside of the trusses. 

The general principles of Arts. 4 — 7 enable the stresses in 
bridge trusses due to given loads to be computed. 

Prob. 38. A floor beam for a highway bridge is 16 feet long 
and is to carry a uniformly distributed load of 18 600 pounds. 
Find its depth, taking the width as 12 inches, so that the 
maximum fiber stress may be 800 pounds per square inch. 

Prob. 39. Find the stress in the end panel of the lower chord 
in Fig. 26, due to a load of 6 400 pounds placed at each apex 
point of the lower chord. 

Art. 24. Dead Loads. 

The dead load of a highway bridge consists of the weight of 
the floor, lateral bracing, trusses and all the pieces that connect 
and stiffen them. This weight depends upon the style of the 
bridge, upon its width and span, upon the live loads and unit- 
stresses adopted, so that it is subject to much variation in par- 
ticular cases. The following values are hence to be regarded as 
approximate, and only useful when more precise information 
cannot be obtained. 

The * floor system ' consists of planks resting upon stringers,, 
and the latter resting upon the floor beams. The planks weigh 
from 6 to 16 pounds per square foot of floor surface, depending 
upon the thickness and kind of lumber, say 10 pounds for a 
mean value. The stringers vary in weight according to their 
distance apart and their span, while the floor beams vary in 
weight, depending upon the width of the bridge, the lengths of 
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the panels, the live loads, and other circumstances. The total 
floor system may weigh from 15 to 25 pounds per square foot 
of floor. 

The lateral bracing which connects the trusses between the 
two upper chords and between the two lower chords, resists the 
stresses caused by the wind. Its weight per square foot of floor 
surface increases from about 2 pounds at 50 feet span, to about 
5 pounds at 300 feet span. 

The trusses increase in weight with the width and span of 
the bridge. 

The total dead load, or own weight, of a highway bridge may 
be roughly expressed by the following empirical formula: 

w = 140 + 12^ + 0.2^/ — 0.4/, (2) 

in which / is the span in feet, d the width of the bridge in feet 
(including sidewalks, if any), and w is the dead load in pounds 
per linear foot. This formula gives weights closely agreeing 
with those of class A in Waddell's * Highway Bridges,* which 
are somewhat heavier than the actual weights of most country 
bridges. 

The width in the clear between the trusses of a highway 
bridge is rarely less than 16 feet, and usually not greater than 24 
feet, except in large cities. The sidewalks are generally outside 
of the trusses, supported upon the projecting floor beams. 

Prob. 40. If a highway bridge cost 3.5 cents per pound, find 
the approximate cost of one 24 feet wide and 100 feet span; 
also the cost of one 24 feet wide and 200 feet span. 

Prob. 41. A distance of 720 feet between two abutments is to 
be spanned by highway bridges 23 feet wide. If each pier cost 
III 2 000 and the bridges cost 3.5 cents per pound, compute the 
approximate cost of i pier and 2 spans, of 2 piers and 3 spans, 
and of 3 piers and 4 spans, in order to ascertain the most 
economical plan. 



Art. 25. 
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Fig. V]. 



Art. 25. Kinds of Trusses. 

A few of the most important and simple kinds of bridge trusses 
will now be explained briefly. 

Fig. 27 shows a skeleton diagram, and also an outline of the 
king-post truss 
afi formerly 
built for coun- 
try highway 
bridges of short 
span. A load 

at the center is carried up the vertical tie and then by the two 
inclined struts to the abutments. This tie is now generally made 
of a wrought iron rod. 

The queen-post truss, sometimes called a quadrangular truss, 
has two vertical ties which carry the panel 
loads to the upper chord, whence they are 
brought to the abutments by the inclined 
struts. 

The Burr truss. Fig. 29, has its vertical 
members in tension and the inclined ones in compression. This 
may be regarded as an exten- 
sion of the king and queen 
post trusses ; it is an old form, 
built wholly in wood and 
now no longer used. 

The Howe truss is like the Burr in principle, except that 
diagonal counter-struts, here 
represented by broken lines, 
are introduced to prevent the 
distortion caused by the live 
load. The vertical ties are wrought iron and all the other mem- 
bers are wood. This truss has been extensively built on account 
of iacilify of construction. 




Fig. 38. 




Fig. 99. 




Fig. 30. 
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Fig. 31. 
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Fig. 3a. 



The Warren truss, Fig. 31, has all its web members inclined 
at equal angles, some of them being in tension and some in 

compression. This form, like 
the last, is represented as a 
through truss, but they are 
also often used for deck 
bridges. The Warren truss is generally built in iron or steel. 

The Pratt truss is a favorite type which has the verticals in 
compression and the diagonals in tension. Fig. 32 shows both 

the deck and the through form, the 
counter-ties being omitted. In the 
through truss the two verticals, near- 
est the ends are in tension, while the 
inclined end members are of course 
in compression. This truss was for- 
merly built with the diagonal ties of wrought iron and the other 
parts of wood and hence called a * combination truss ;' now all 
members are usually iron or steel. 

A deck Howe truss is like the through form, except that the 
upper chord is produced at each end and supported by vertical 
struts resting on the abutments. With a similar arrangement the 
usual form of Pratt truss, shown in the second diagram of 
Fig. 32, is often used as a deck bridge; in such a deck 
truss the end panel of the upper chord has no stress except 
that received from the floor system and lateral bracing. See 
Figs. 94 and 95. 

The details of construction, that is, the arrangement of connec- 
tions and joints, the style and proportions of struts, and the kind 
of end supports, differ in trusses of different manufacturers. The 
student should embrace every opportunity to become familiar 
with these, both from the actual inspection of bridges and by the 
careful study of working drawings. Every technical school has 
charts, photographs and drawings illustrating details, and in Part 
III will be found a number of folding plates of general^ plans. 
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Prob. 42. A king-post truss has 18 feet span and 9 feet rise. 
Compute the stresses in all the members due to a load of 14000 
pounds at the middle. 

Prob. 43. A queen-post truss has 30 feet span aiid 10 feet depth, 
the three panels of the lower chord being equal. Find the stresses 
in all members due to two loads, each 12000 pounds, at the 
panel points. 



Art. 26. Stresses in Web Members. 

There are certain members of the webbing, called counter- 
struts or counter-ties, which are not strained by the dead load 
and which only come into action when the live load crosses the 
bridge. In making a skeleton diagram of a truss in order to 
compute the stresses due to dead load, these counters should 
be omitted. 

For trusses with horizontal chords the stress in any web 
member is equal to the vertical shear multiplied by the 
secant of the angle which the member makes with the 
vertical. 

This important rule is readily deduced from the principle of 
resolution of forces explained in Art. 7, or from the second con- 
dition of static equilibrium. Thus, in Fig. 33, let a section be 
drawn cutting three members; then 
the three unknown stresses are in 
equilibrium with the exterior force? 
on the left of the section, and hence 
the algebraic sum of the vertical com- 
ponents of all these forces equals ^^'^' 
zero. Therefore, if d be the angle between the web member 
and the vertical, we have 

R — P^—P^ — S cos = 0. 
But R — P, — P^is the vertical shear V for the given section 
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(Mechanics of Materials, Art. i6); hence we have, 

V — 5 cos 6 = o, or 5 = Fsec 0, 

which proves the rule for trusses with horizontal chords. 

For the particular diagonal shown in Fig. 33, the stress 5 will 
be tension, provided that V be positive, but for the next preced- 
ing diagonal we have V -{- S cos ^ = o, or 5 = — Fsec 0, and 
its stress will be compression if V be positive. Hence, we de- 
termine the kind of stress by regarding the direction of the 
arrow and the sign of the shear. For the dead load the shear is 
always positive if the section be on the left of the middle of 
the bridge. 

For example, let the through Howe truss, in Fig. 34, have .8 

panels, each 18 feet long, and 
y^^ yl /I -/K \ \\ 27 feet deep. The dead load 
/_ L — 2- — vL — C_S — ^ — Ji — \ per linear foot per truss is 444 

4 4- *^ pounds, which gives an apex 
• panel load of 8 000 pounds or 
4 short tons. Each reaction is 14 tons. The secant of the angle 

1/ 1 8* -I- 2 7' 
between the vertical and a diagonal is _ Z! — l_ 

27 

The secant for the vertical ties is i. For the diagonals we now 

find, 

5, = — 14 X 1.202 = — 16.8, 

5, = — (14 — 4) X 1.202 = — 12.0, 

S^ = — (14 — 8) X 1.202 = — 7.2, 

5y = — (14 ■— 12) X 1.202 = — 2.4, 

and for the verticals, 

S^ = + 14, S^=+ 10, S^= + 6 tons. 

The stress S^ cannot be found by the above method, since a sec- 
tion cutting it and the upper chord passes through four pieces. 
But by passing a section cutting S^ and the two lower chords we 
have at once ^g = + 4 tons. 



or 1.202. 
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If the student finds any difficulty in determining th^ »ign of 
the stress it can always be overcome by drawing a section cutting 
the piece, marking the arrow, and referring to the fundamental 
conditions of static equilibrium (Art. 4). 

Prob. 44. A deck Pratt truss has 8 panels, each 15 feet 
long, and its depth is 20 feet. Find the stresses in all the 
web members due to a dead load of 450 pounds per linear 
foot per truss. 

Prob. 45. A through Warren truss has 1 1 panels, each 8 feet 
long and its depth is 8 feet Find stresses in all web members 
due to a dead load of 380 pounds per linear foot per truss. 

Prob. 46. Find the web stresses for a deck Warren truss with 
the same dimensions and loads as in the last problem. 



Art. 27. Stresses in Chords. 

For finding the chord stresses either the method of moments 
(Art. 5) or the method of resolution of forces (Art. 7), may be 
used. In either case a skeleton diagram should be made, the 
counters, if any, being omitted. 

By the method of moments we proceed as follows : 

Pass a section cutting the given chord member, take the 
center of moments at the intersection of the other two 
pieces, and state the equation of moments between the 
unknown stress and the exterior forces on one side of 
the section. 

For example, let the 
through Warren truss, in 
tig- 35. have 6 panels, each 

*» "'-'' ^ ' I -woo ^900 4S00 45O0 4SOO 

10 feet long, its depth being „2so pj^ ,^ ff2sv 

also 10 feet If the dead load 

per linear foot is 450 pounds, each panel load is 4 500 pounds and 
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each reaction ii 250 pounds. Then for the upper chord 
stresses, 

II 250 X 10 + 5, X 10 = 0, S^ = — ii 250, 

1 1 250 X 20 — - 4 500 X 10 + 5^ X 10 = o, S^ = — 18 000, 

1 1 250 X 30 -- 4 500 X 20 — 4 SCO X 10 + 5g X 10 = 0, 

S^ = —20 250, 
and for the lower chord stresses, 

II 250 X 5 — 5, X 10 = 0, 5, = + S 625, 

II 250 X 15 —4500 X 5 — 5, X 10=0, ^3 = + 14625, 

II 250 X 25 —4500 X 15 —4500 X 5 —5^ X 10 = 0, 

^5=4- 19 125. 

By the method of resolution of forces, or ' method of chord 
increments/ as it is sometimes called, the following is the process 
for horizontal chords: 

Pass a section cutting the given chord member and all the 
braces on the left, find the shears for those braces, multiply 
each shear by the tangent of its angle with the vertical, 
and take the sum of the products for the chord stress. 

To prove this rule, let 5', 5'', etc., be the stresses in the braces 

cut by the section, V, P', etc., the shears 
for those braces, and ^', tf", etc., the angles 
which they make with the vertical. Then 
from the first condition of equilibrium the 
sum of the horizontal components is zero, or 

y sin d' + 5" sin d'' + 5'" sin »'" + etc. 

But, as shown in the last Article, S' = V sec 0', 5" = V sec 6", 
etc., hence 

5= F tan I?' + V" tan ^" + F" tan «"' + etc, 

which proves the proposition as stated. 

For example, take the Warren truss, in Fig. 35, where the 
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braces are all equally inclined, and tan /? = ^ = 0.5. Then 
for the lower chord 

5, = 11250 X 0.5 = 5 625, 

^3 = (i I 250 + 1 1 250 + 6 750) X 0.5 = 14 625, 

S^ = {ii 250+ II 250+ 6750+6750 + 2 250) X 0.5 = 19 125, 

and for the upper chord, 

5, = (i I 250 + 1 1 250) X 0.5 = 1 1 250, 

S^ = {2 X II 250 + 2 X 6750) X 0.5 = 18000, 

►Si = (2 X 1 1 250 + 2X6 750 X 2 X 2 250) X 0.5 = 20 250. 

The two methods give the same results, as should be the case; 
hence one may be used to check the other. The method of 
moments is general and applies to any form of truss, but the 
method of increments is only valid when the chords are hori- 
zontal. 

Prob. 47. Find all the chord stresses for the truss of Prob. 45. 

Prob. 48. Find all the chord stresses for the truss of Fig. 34« 

Prob. 49. A through Pratt truss has 9 panels, each 15 feet 
long, and its depth is 20 feet. Find the stresses in all the chord 
members due to a load of 450 pounds per linear foot per truss. 



Art. 28. Dead Load Stresses. 

In the examples of the two preceding Articles the entire dead 
load has been regarded as concentrated upon the upper chord in 
deck bridges and upon the lower chord in through bridges. 
This is the usual plan ; but sometimes it is specified that the dead 
load shall be divided between the chords, each chord taking one- 
half of the weight of the trusses and lateral bracing, and the floor 
load being supported entirely by the chord upon which it rests. 

To illustrate this method we take a through Pratt truss of 9 
panels, each 1 8 feet long, the depth being 24 feet, the weight of 
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the floor system 433 pounds and of the trusses and lateral brac- 
ing 600 pounds per linear foot of bridge. This gives for the 
panel load on the lower chord 

i (433 + 300) X 18 == 6 597 pounds = 3.3 short tons, 

and for the panel load on the upper chord 

^ X 300 X 18 = 2 7CX) pounds = 1.35 short tons. 

Each reaction is now 18.6 tons, and by the methods of the last 

two Articles 
ijs i.3s A3* ,3s i.ss «5 .3s /w ^j^^ stresscs 

are computed. 

For instance, 

to find the 
/e.fii stress in the 

second verti- 
cal from the center pass a plane cutting it and the two chords, 
then we have 

5 = (18.6 — 3 X 3.3 — 2 X 1.3s) X I = 6.0 tons compression, 

also for the first panel of the upper chord, 

5 X 24 = 18.6 X 36 — 4.65 X 18 or 5 ^ 24.4 tons compression. 

Thus all the stresses due to the dead load are found and marked 
upon the diagram, 

Prob. 50. A deck Howe truss of 120 feet span has 10 panels 
and is 18 feet deep. The weight of the floor per linear foot of 
bridge is 350 pounds and that of the trusses and lateral bracing 
is 450 pounds. Find the dead load stresses in all members. 




Art. 29. Live Loads. 

The * live load * or * rolling load,' is that which passes over the 
bridge, like the trains on railroad bridges, or the wagons and foot 
passengers on highway bridges. This load usually causes heavier 
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stresses than the dead load, and is also injurious on account of 
the shocks and repeated stresses produced by it. Highway 
bridges have been known to fall under the passage of marching 
troops. 

The floor system of highway bridges is to be computed for a 
densely packed crowd of people, and also for heavily loaded 
wagons passing over it, the stringers and floor beams being de- 
signed by the help of the theory of beams. 

The trusses of highway bridges are found to be most highly 
strained by a crowd of people densely packed upon the roadway 
and sidewalks. The following are the values usually taken for 
this live load, all in pounds per square foot of floor surface: 

For City Bridges. For Country Bridges. 

Spans under 50 feet, 100 90 

Spans 50 to 125 feet, 90 80 

Spans 17,5 to 200 feet, 80 70 

Spans over 200 feet, 70 60 

This live load is taken greater for short spans than for long 
ones, and greater for city than for country bridges, on account of 
the larger liability to densely packed crowds. 

The live load per linear foot of bridge is found by multiplying 
the clear width of roadway and sidewalks by the given weight 
per square foot. This load may cover a part or the whole of the 
bridge, or may move over it, like a train on a railroad bridge. 
For any given truss member the live load is to be so placed 
as to produce the largest possible stress. 

Prob. 51. A bridge for a country town has its roadway 18 feet 
wide in the clear, and also two sidewalks, each 5 feet in the clear. 
The span is 135 feet and there are 9 panels. Find the live panel 
loads per truss. 

Prob. 52. If a highway bridge is 20 feet wide, find approxi- 
mately the span for which the dead load equals the live load. 






, i ; 

r Fig. 38. '^ 
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Art. 30. Chord Stresses due to Live Load. 

The uniform live load as it passes over the bridge causes the 
stresses in each member of the truss to continually vary. It is 
therefore important to ascertain the position of the live load 
which gives the largest possible stress in the member. For any 
chord member we have the following important theorem : 

The largest stress in any chord member, due to a uniform 
live load, occurs when the live load covers the entire 
bridge. 

To prove this let Fig. 38 be a truss whose span is / and 

depth rf, and let a section be passed at any dis- 
tance k from the left support. Now let live 
loads be placed upon the right of this section 
producing the reaction R. The chord stress for 

Rk 
the given section then is ^ = -^ which increases with R, Hence, 

as R increases with the number of loads placed on the right of the 
section, 5 also increases with their number. Again, let loads 
be placed on the left of the section producing the reaction R' at 
the right end. The chord stress due to these loads then is 

S^ = -7 , and this increases with R^ or with the number of 

a 

loads placed on the left. Hence, every load whether on the right 

or left of the section, increases the chord stress, and therefore the 

largest chord stress in any member occurs when the live load 

covers the whole bridge. 

The chord stresses due to live load are hence computed in 
exactly the same manner as those due to dead load, the panel 
loads being placed at the apex points of that chord which sup- 
ports the floor. 

Prob. 53. A deck Howe truss of 120 feet span has 10 panels 
and its depth is 1 7 feet. Compute the chord stresses due to a 
live load of 900 pounds per linear foot per truss. 



Art. 31. 
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Art. 31. Maximum Chord Stresses. 

The chord stresses due to dead load may be computed as in 
Arts. 27 and 28, and those due to live load as in Art. 30; the 
sum of these for any member is then the maximum chord stress 
due to both dead and live loads. But the same result may be 

« 

obtained by adding together at first the dead and live panel loads 
and then computing the stresses. This method is shorter and is 
hence often employed. 

For example, take a through Pratt truss of 1 1 panels, one-half 
of which is shown in Fig. 39, the span being 176 feet and the 
depth 20 feet. The dead panel load at each apex of the upper 
chord is 2 short tons, and at each 
apex of the lower chord 4 tons. 
The live panel load is 11.5 tons. 
These are placed on the diagram 
and the reaction found to be 87.5 
tons. To find the stresses in the 
upper chord we now use either of the methods given in Art. 27, 
and have 

S^ = —126, 5, = —168, ^3 = —196, S^ = S^ = —210 tons. 

which are the maximum stresses caused by dead and live loads. 

It is seen that for the Howe and Pratt trusses the chord 
stresses are the same whether the dead load be placed all on one 
chord or be divided between the two chords. For the Warren 
truss, however, this is not the case. 

Prob. 54. Find the lower chord stresses for the Pratt truss in 
the above example. 

Prob. 55. A through Warren truss of 1 76 • feet span has 11 
panels, each 16 feet long, and its depth is 20 feet. The dead 
load per linear foot of bridge is 500 pounds for the floor system 
and 1000 pounds for the trusses and lateral bracing. The live 
load per linear foot is 2 875 pounds. Find the maximum chord 
stresses. 
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Art. 32. Vertical Shears due to Live Load. 

When the live load crosses the bridge the stresses in the web 
members vary. The stress S in any such member equals Fsec 
(Art 26) and hence we need to find when the vertical shear V is 
the largest possible. At any point let a section cut the truss, 
then for this section the following theorem is true for the shears 
due to the live load : 

The largest positive shear occurs when the live load extends 
from the section to the right abutment, and the largesf 
negative shear occurs when the live load extends from 
the section to the left abutment. 

To prove this let Fig. 40 be a truss cut at any point by a sec- 
tion, and let loads be placed upon the right of the section pro- 
ducing the reaction R, The shear Ffor this section then equals 
^ Ry and R is the greatest when 

A A /\ /\ A /V /\ all the panel points between the 
r — — \n, ^ — ^ — ^ — ^ — ^ section and the rierht abutment 



i8 Fig. 40. 

are covered by the live load. 
Again let loads equal to P be placed on the left of the section 
causing a reaction R; then the shear is i? — P, which is nega- 
tive since R is less than P, and this is numerically increased by 
every load placed on the left of the section. Therefore, the 
theorem is proved. 

For example, let the live panel load for Fig. 40 be 8 tons. 
Then to find the largest positive shear for the section mn we 
place the four panel loads on the right, and have 

V=R = S{^ + ^ + ^ + i)= +11.43 tons, 

and to find the largest negative shear we' place the two panel 
joads on the left, and have 

V= 7? — 16 = 8 (^ + ^) — 16 = —3.43 tons. 
The shear for this section due to a load at every panel point is 
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8 tons, which is the same as the algebraic sum of the two greatest 
shears just found. 

The live load hence produces shears of different kinds when 
moving in opposite directions, and consequently the dead load 
stress in any web member is decreased in one case and increased 
in the other. 

Prob. 56. Find the largest positive and negative shears for each 
panel of a Howe truss of 150 feet span with 10 panels, the apex 
live load being 7 short tons. 

Prob. 57. Find the largest positive and negative shears for a 
truss of 180 feet span with 9 panels caused by a live load of 
1 100 pounds per linear foot per truss. 



Art. 33. Maximum and Minimum Shears. 

The shears due to the dead load may be found by Art. 26, and 
those due to the live load by Art 32, and their addition will give 
the resultant maximum and minimum shears. The maximum 
shear is always positive on the left of the middle of the truss, but 
the minimum shear may be either positive or negative. 

For example, let Fig. 41 be a Howe truss of 8 panels, the 
dead panel load being 3.6 
tons and the live panel load 
12 tons. For the dead load 
shear in the fourth panel we 
have I^= 12.6 — 3 X 3.6== +1 -8 tons, tor the largest posi- 
tive shear the live load covers the four panel points on the right, 
and 

F^=i2(i + | + | + |)= +15.0 tons. 

For the largest negative shear the live load covers the three 
panel points on the left, and 

V^= 12(1 + 1 + 1)— 3 X 12 = —9.0 tons. 




Fig. 41. 
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The maximum shear in this panel due to dead and live loads 
is then 1.8 + 15.0 = + 16.8 tons, and the minimum shear is 
1.8 — 9.0 = — 7.2 tons. Thus we find the following values for 
the four panels 





y^ 


K 


^3 


^4 


Dead load shear, 

Live load positive shear. 

Live load negative shear, 


+ 12.6 

+ 42.0 

0.0 


+ 9.0 

+ 31.5 
— 1.5 


+ 5.4 
+ 22.5 

—4.5 


+ 1.8 

+ 15.0 

— 9.0 


Maximum shear, 
Minimum shear, 


+ 54.6 
+ 12.6 


+ 40.5 

+7.5 


+ 27.9 
+ 0.9 


+ 16.8 
— 7.2 



For this case, then, a negative shear can only occur in the 
panel nearest the middle, the shears in the other panels always 
being between the positive values found. 

Instead of finding the dead and live load shears separately, the 
maximum and minimum shears for any panel may be determined 
by placing the dead and live loads in proper position and then 
computing their values at one operation. Thus for panel No. 3, 
to find the maximum shear the dead load covers the whole 
bridge and the live load is placed at the five panel points on 
the right, then 

V^ = 12.6 + 12 (i + I + I + t + f) - 2 X 3.6 = +27.9, 
and for the minimum shear the live load is on the left, and 
F3 =12.6 + 12 (f + I) — 2 X 3.6 — 2 X 12 = +0.9. 

It is often only necessary to compute the minimum shear for 
those panels where its value becomes negative, as will be seen in 
the following Articles. 

Prob. 58. Find the maximum and minimum shears for a truss 
of 9 panels, the apex dead and live loads being 4 tons and 15 
tons respectively. 



Art. 34. WEB STRESSES IN THE WARREN TRUSS. 5 1 

Art. 34, Web Stresses in the Warren Truss. 

Let the deck Warren truss, one-half of which is shown in 
Fig. 42, have 7 panels, each 1 8 feet long and its depth be 1 2 feet. 
Let the dead load per linear foot per truss be 570 pounds, one- 
third of which is to be taken on the lower . 
chord and two-thirds on the upper chord. \ /\ /V. /\^ 

Let the live load per linear foot per truss \l \/ \/ y 

be I 700 pounds. It is required to find the ^'•* ^• 

maximum and minimum stresses in all the web members. 

The dead panel loads are first found to be 3 420 pounds for the 
lower chord and 6 840 pounds for the upper chord. A full dead 
panel load should be taken for the first panel point of the lower 
chord. The live panel load is 30 600 pounds. The dead load 
reaction is 32 490 pounds. 

The maximum and minimum shears are now to be found for 
the web members, and these multiplied by sec d will give the 

required stresses. The value of sec is — Z—JZ = 1.25. 

12 

For instance, to find the maximum shear in S^ we pass a sec- 
tion cutting it, place the live load on the right, and have 

^6= 32 490 -t- 30600 (H- ^ + f + f) — 2 X 6 840 

— 3 X 3420= + 52264. 

For the minimum shear the live load is on the left of the section, 
and 

F6==32490+ 3o6oo(^+f) — 2 X6840— 3 X 3420 • 

— 2 X 30 600 = — 4 564. 

In the same manner for S^, we pass a section cutting it, and find 

F3 = 3 2 490 + 30 600 (I + ^ + ^ + f ) — 2 X 6 840 

— 2 X 3420= + 55684, 

F, = 32490+ 3o6oo(Jf- + f) — 2 X 6840 — 2 X 3420 

— 2 X 30 600 = — I 144 



S2 



HIGHWAY BRIDGE TRUSSES. 



Chap. II. 



For S^ the minimum shear is positive, and the same is the case 
for all members preceding S^, 

Regarding the sign of the shear and the direction of the mem- 
ber (Arts. 7 and 26), we now multiply the shear by the secant 
1.25 and find the following stresses, -f as usual denoting tension 
and — denoting compression, and the values being given to the 
nearest hundred pounds. 



Max. 
Min. 


S^ 


•Sa 


•Si 


•s; 


•Si 


•S-6 


^7 


+ 155400 
+40600 


— 151 TOO 
—36300 


+ 109800 
+ 22300 


— 105 500 
— 18000 


+69600 
— 1400 


—65300 
+ 5700 


+ 34900 
— 30600 



These figures show that the members 5, and S should be ties 
to carry tension only, that S^ and S^ should be struts to carry 
compression only, and that S^, 5g and S^ should be members 
capable of resisting both tension and compression. When a 
member is so constructed that it will resist both tension and com- 
pression, it is said to be * counter-braced.* This example shows 
that the diagonals near the middle of a Warren truss need to be 
counter-braced in order to provide for the stresses due to the 
live load. 

The above values give the range of stress in each member. 
Thus, for 5j the stress under dead load is + 27 600 pounds, but 
when the live load approaches it from the right this is increased 
to + 109 800, and when from the left, it is decreased to + 22 300 
pounds. The piece must hence be designed not only for the 
maximum stress, but also for the range of stress. It is seen that 
the members near the middle of the truss have the greatest range 
of stress. 

Prob. 59. A through Warren truss has the same dimensions as 
that of the above example, and is subject to the same loads 
Compute the maximum and minimum web stresses. 
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Fig. 43. 



Art. 35. Panel Counter-Braces. 

A panel of the Howe or Pratt truss is said to be counter- 
braced when a diagonal is placed therein, crossing the main 
diagonals, for the purpose of taking the negative shear due to 
the live load. 

In the Howe truss the verticals are iron ties which take only 
tension, and the diagonals are wooden struts which can take only 
compression. Under the action 
of dead load the seven -panel 
truss, in Fig. 43, needs no braces 
in the middle panel because the 
shear is there zero, and on the 
left of the middle the main 
braces take the compression due to the positive shears. But 
under the action of the live load the shears in some of these 
panels may be negative, and as the main struts cannot take the 
tension which these would produce, pieces called * counter- 
struts' are introduced. 

A practical way of considering the subject is to regard the 
panel as distorted by the deflection of the truss under 
its load. In the first position of Fig. 44, the dead load 
causes a distortion so that the points a and b are 
brought nearer together, and hence compression is pro- 
duced in ab. In the second position the live load 
causes the points a and b to separate and brings the 
points c and d nearer together, and as ab cannot take 
tension, a counter-strut cd must be introduced. This illustration 
also shows that both diagonals in a panel cannot be strained at 
the same time. 

The Burr truss. Fig. 29, was a defective one on account of the 
absence of counter-braces, and was usually stiffened by a 
wooden arch. 

In the Pratt truss the verticals are struts which take only 




Pig. 44. 
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compression, and the diagonals are ties which can take only 
tension. Accordingly, each panel on the left of the middle 

where negative shear can occur must 
have a * counter-tie/ as also each 
panel on the right of the middle 
where positive shear can occur. 

To determine the number of panels 
which require counter-braces is hence 
easy. Confining our attention to the 
left hand half of the truss, let the live load come on from the left, 
and compute the shear in each panel due to both live and dead 
loads. If this is negative the panel requires a counter-brace, if 
positive, not For example, let the dead panel load for the Howe 
truss, in Fig. 43, be 2 tons, and the live 14 tons, then 



SX7ZZ 


^XXKXZ 



Fig. 45. 



^3=4- 24 — 28 = -4, 



F,= + 4+ 12 — i4= + 2, 
F^ = o-t- 30 — 42 = — 12. 



Hence, the third and fourth panels require counter-struts, and 
of course also the fifth. For practical reasons counters are gen- 
erally placed in more panels than are theoretically necessary. 

Prob. 60. Find the number of panels to be counter-braced in 
Fig. 45, the dead panel load being 2 tons and the live 12 tons. 



Art. 36. Web Stresses in Howe and Pratt Trusses. 

The principles now established enable us to find the maxi- 
mum and minimum stresses in the web members of these trusses. 
For example, take the through Pratt truss of Art. 28 which has 
9 panels, each 18 feet long and 24 feet deep, the dead panel load 
for the upper chord being 1.35 tons and for the lower chord 3.3 
tons. Let the panel live load be 1 1.7 tons, all of course on the 
lower chord. 
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Draw two diagrams of the left hand part of the truss, as in 
Fig. 46, and for the first suppose the live 
load passing over the bridge from the right, 
and in the second, from the left. For the 
first case the largest positive shear for each 
diagonal is found, and for the second, the 
largest negative shear. Thus : 




Fig. 46. 





K 


K 


K 


K 


K 


Dead load. 

Live load from right 

Live load from left 


+ 18.6 

+ 46.8 
0.0 


4 13.95 

+ 36.40 

— 1.30 


+ 9-3 

+ 27.3 

— 3.9 


+ 4.65 

+ 19-50 

— 7.80 


0.0 

+ I3-0 
13-0 


Maximum 
Minimum 


+ 65.4 
+ 18.6 


+ 50-35 
+ 12.65 


+ 36.6 
+ 5-4 


+ 24.15 
— 3-15 


+ 13.0 
— 130 



Multiplying these values by sec d, which is i J, the following 
final stresses for the diagonals result : 





•^0 


s. 


•s; 


s. 


•S-8 


^\ \ ^e 


Maximum 
Minimum 


—81.8 
—23-3 


+ 62.9 

+ 15.8 


+45.8 
+ 6.7 


+ 30.2 

0.0 


+ 16.3 

0.0 


+ 16.3 + 3.9 
0.0 0.0 



The stress in the vertical 5^ is due only to the panel load 
at its foot, and is hence always tension. Thus, maximum S^ = 
1 1.7 + 3.3 = + 15.0 tons, and minimum 5, = + 3.3 tons. 

The maximum stress in the vertical S^ occurs when the live 
load covers the six panel points on the right. In the upper dia- 
gram of Fig. 46 let a section be drawn cutting S^ and the two 
chords; the dead load stress in S^ is — 18.6 + 6.6 + 1.35 = 
— 10.65 tons, the live load stress is — I L7 (^ + f + f + |^ + 
I -j- |.) = — 27.3 tons; hence the maximum stress is — 10.65 — 
27.3 = — 37-95 tons. Similarly the stresses for 5^ and S^ are 
found. 

The minimum stresses in verticals 5"^, S^ and S^ occur when the 
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load comes on from the left, but oijiing to the &ct that a counter 
in a panel may act instead of the main tie its exact position is not 
at first sight apparent The best method for a beginner is to let 

one live panel load come 
on from the left, then 
two, then three, and so 
on, determining for each 
case the panel point 
where the shear due to 
both dead and live load 
changes sign and draw- 
ing a diagram to corres- 
pond. Thus, for the first 
case the shear on the left 
of vertical S^ is -f- 4.65 
— 1.30 = 4- 3-35 tons, 
while on the right it is 
o — 1.30 = — 1.30 tons; hence on the left of S^ the main tie 
acts while on the right the counter acts. For two live panel 
loads the shear also changes sign at S^ ; for three loads it changes 
at S^y and for four it changes again at S^. 

It is now seen that the minimum stress in S^ occurs under 
one, two, or four live panel loads coming on from the left, and 
that its value is simply the dead panel load on the upper chord, 
or — 1.35 tons. S^ has its minimum under three live panel 
loads and it is also — 1.35 tons. For S^ the minimum stress 
occurs under two live panel loads, since the stress has then its 
greatest negative value ; drawing a section cutting S^ and the two 
chords in the second diagram of Fig. 46^ the live load stress is 
1 1.7 (2 — ^ — f ) = + 3-9 tons ; hence the minimum stress for 
S^ is -f 3.90 — 10.65 = — 6.75 tons. 

In general the minimum stress for a vertical at the middle 
of a Pratt truss is equal to the dead panel load on the unloaded 
chord. 
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The final stresses for the verticals now are : 






^. 


^3 


^5 


^7 


Dead load 

Live load from right 

Live load from left 


+ 3-3 
+ ".7 
+ 11.7 


— 10.65 

— 27.30 
+ 3.90 


— 6.0 
— 19-5 


— 1-35 
— 1300 



1 


Maximum 
Minimum 


+ 150 
+ 3-3 


— 37-95 
— 6.75 


— 25.5 

— 1.35 


— 14-35 
— 1.35 



It will be seen by inspection of Fig 46^ that the order in 
which the counter diagonals are brought into action, as the load 
advances upon the bridge, is in the order of their position begin- 
ning at the middle panel. Thus in the first diagram one live . 
panel load brings ^'g into action, but three live panel loads 
are required before S\ begins to act ; as the live load still fur- 
ther advances 5'g is first relieved from the stress and then S'^ and 
those on the other side of the middle come into play. The stu- 
dent will find it advantageous to trace these changes in a truss 
having about twenty panels. The subject of minimum stresses 
in verticals is further discussed in Art. 30 of Part IL 

It should be noted that the facts stated in Art. 35 regarding 
the character of the stress in the verticals of Howe and Pratt 
trusses are not essential conditions in computing the stresses. 
For the Howe truss the essential condition to be considered is 
that the diagonals can take only compression ; and for the Pratt 
truss that the diagonals can take only tension. 

The diagram in Fig. 94 shows the deck form of a Howe 
truss, while that in Fig. 95 shows a deck Pratt truss which is 
perhaps more frequently used for larger spans than the form 
shown in Fig. 45. In the Howe truss counter-braces are usually 
inserted in all the panels; in the Pratt truss counter ties are 
usually inserted in one or two panels further from the middle 
than are theoretically required. 

Prob. 61 . Find the web stresses for the truss of Prob. 50, taking 
the live load as I2CX) pounds per linear foot per truss. 



] 
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Art. 37. Ranges of Stress. 

The preceding Articles show that the chord stresses increase 
from the ends to the middle of the truss, that the stresses in the 
main web members increase from the middle toward the ends, and 
that the counter members increase in stress toward the middle. 
The sizes of the various members are approximately proportional 
to their maximum stresses as above found, if snow and wind loads 
be disregarded. 

It is also seen that the ratio of the minimum to the maximum 
stress is the same for all chord members, since the dead and live 
load stresses are proportional to the corresponding loads; the 
greatest chord stresses occurring when the bridge is fully loaded. 
Thus, if the dead load per foot be w and the live W, the mini- 
mum and the maximum chord stresses are. in general, in the 
ratio of w to TV -{- W. 

In the bracing the ratio for the range of stress is less than 
for the chords. For the Howe and Pratt systems the diagonals 
near the middle of the truss are at times unstrained, so that the 
ratio of minimum to maximum stress is zero. In the Warren 
truss the middle diagonals are sometimes in tension and some- 
times in compression. 

These facts are important in deciding upon the unit-stresses to 
be used in designing the members. As repeated stresses are the 
more dangerous the greater their range, the working unit-stress 
should be smaller for high ranges than for low ones. Accord- 
ingly higher unit-stresses may be used for the chords than for 
bracing, and higher unit-stresses may be used for the braces near 
the ends of the trusses than for those near the middle. For 
wrought iron in tension chord members are usually designed by 
taking 1 2 000 pounds per square inch as the working stress^ 
while only about 8 cxx> or 9 000 pounds are allowed for the 
bracing. 

In railroad bridges these considerations are more important 
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than for highway bridges, on account of the greater shock and 
more frequent application of the full live load. 

Prob. 62. Find the maximum and mimimum stresses for all 
the members of a queen-post truss, the panel length being 10 
feet, the depth 10 feet, the dead apex load on the lower chord 
2 000 pounds, and the live apex load 8 000 pounds. 




Fig. 47. 



Art. 38. The Bowstring Truss. 

A truss with bent upper and horizontal lower chord, like Fig. 
47, is called the * bowstring,' and is a favorite form for highway 
bridges. It is 
built so that the 
verticals may take 
either tension or 
compression, while the diagonals take only tension. The princi- 
ples of Art. 5 and Art 7 suffice for the computation of its 
stresses, but the theorem •?= Fsec for web members cannot 
be applied, since this is true only for trusses with horizontal 
chords. 

As an example, let the truss have 6 panels, each 15 feet long 
on the lower chord, the depths being, Dd= 13 feet, Cc=z 11.7 
feet, and Bd = 7.5 feet. The dead panel load, all on the lower 
chord, is 2.5 tons and the live panel load is 7.5 tons. Fig. 48 
represents the truss with one set of diagonals removed. 

To compute the maximum chord stresses the dead and live 
panel loads, 10 tons, are 
placed at each lower 
chord apex. Then for 
the member cd we 
have 

SX 11.7 = 25 X 30— 10 X IS, 

whence 5= + 51.3 tons. For CD we find the lever arm to be 
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12.95 feet, and the moment equation is 

5 X 12.95 + 25 X 45 — 10 (30+ 15) = o^ 

whence 5= — 52.1. The minimum chord stresses are one- 
fourth of the maximum stresses. 

For the webbing the method 01 moments can also be used, the 
live load being placed for each member in the position to give 
the largest positive or negative shear (Art. 32). Thus, for the 
vertical Dd we cut it by a section, place the live load on the 
right, and take the center of moments at the intersection of CD 
and cd^ which is 105 'feet to the left of A. The reaction for this 
loading is 

7 5 
R = 6.25 + ^ (i + 2) = 10 tons, 

and the moment equation for Dd is 

— ID X los + 2.5 (120 + 13s + 150) — SX 150 = o, 

from which S = — 0.25, which is the minimum stress. The 
greatest tension in Dd will occur when the truss is fully loaded 
and is 9 tons. 

For the maximum stress in the diagonal Cd the live load is 
placed on the right, the center of moments is on the lower chord 
produced at 105 feet to the left of A, the lever arm of Cd is 
92.27 feet, and the stress is found from the equation 

— 13.7s X IDS + 2.5 (120 + 13s) + 5 X92.27 = o, 

whence S = + 8.7. For live load on the left the stress in 
Cd is o and the counter Dc comes into action. Tc find the 
stress for Dc, we have 

— 17.5 X los + 10 (120 + 13s) — -S: X 8841 = o, 

from which 5" = + 8.0 tons. 

In the same manner all the other stresses are found and marked 
on the diagram The method of resolution of forces can also be 
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used to find the stresses in the diagonals ; the load being put on 
the truss in the proper position and the two adjacent chord 
stresses being found by moments, the difference of these is the 
horizontal component of the stress for the given diagonal. The 
bowstring truss is sometimes built without counter-ties, in which 
case the main ties take compression as well as tension, like the 
Warren truss. 

Prob. 63. Compute the maximum and minimum stresses for 
the members be, Cc, Cb, and Be in Fig. 48- 



Art. 39. The Parabolic Bowstring Truss. 

The apex points of the upper chord of a bowstring truss 
should be so arranged as to lie upon some regular curve, for 
evident aesthetic reasons. If this curve be a parabola the truss 
enjoys the remarkable property that under uniform load the 
diagonals are unstrained and the lower chord stresses are the 
same in all panels. 

To prove this let d be the center depth and / the span. Then 
for a uniform load of w pounds per linear foot the lower chord 
stress at any distance x from the left 

support is 

\wlx — \wx* 

y FiK- 49. 

in which y is the lever arm for the lower chord at the section. 
To find the value of ^ consider that the equation of the parabola 
with reference to its vertex is 

and since x = o when j = o, the parameter m equals -->• Hence, 




62 



HIGHWAY BRIDGE TRUSSES. 



Chap. II 



Inserting this in the expression for S, we find 



S = 



M 



and because this is constant the lower chord stresses are all the 
same. Now referring to Fig. 48, it is seen that the diagonals can 
have no stress under uniform load, for the horizontal component 
of the stress in any diagonal equals the difference of the chord 
stresses in adjacent panels. 

If the span and center depth be given the above formula for,;' 
determines the depth at each panel pointy so tKat the upper apex 
points may lie on a parabola. For instance, if / = 90 and d=i^, 
as in Fig. 48, we find^ = 7.22 when jr = 15 and y = 11. 55 when 
X = 30, The upper chord apexes in that diagram lie upon some 
other curve than a parabola. 

The diagonal stresses in a parabolic bowstring truss are there- 
fore found by putting only the live load on the bridge in the 
proper position for each member. The maximum stresses in the 
verticals are found by adding one dead panel load to the largest 
live load stresses. If Fig. 48 be a parabolic bowstring truss of 
90 feet span and 13 feet center depth, the maximum stresses 
due to the same loads as there used are : A6 = ic = C(/= 5 1.9 
tons, Dd= Cc = Bd =: 10 tons, while the diagonals are strained 
only by live load. 

The bowstring truss may also be used as a deck bridge, in which 
case the main stress in the verticals is compression. The dia- 
gram, Fig. 50, gives the maximum and minimum stresses for a 
parabolic deck bowstring truss of 80 feet span and 10 feet center 




fS,0 



Fig. 50. 



depth, the dead panel load being 2 tons and the live panel load 
10 tons* It will be noticed that the maximum stresses in the 
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diagonals do not greatly vary, so that they can be made uniform 
in size, and that the verticals are always in compression. 

Prob. 64. Compute the stresses for the deck parabolic bow- 
string truss in Fig. 50. 



^^'S 



Art. 40. Other Forms of Trusses. 

The lenticular truss shown in Fig. 5 1 is also used for highway 
bridges to some extent The broken lines show the roadway 
and its connection to the trusses, the vertical end pieces being 
heavy posts, and the others tension rods. The roadway may 
also be placed higher and be attached directly to the verticals of 
the truss. The apexes of the 
chords may lie on parabolic 
or other graceful curves; if 
on parabolas the diagonals 
are unstrained under uniform 
load. The stresses are computed by the same methods as for the 
bowstring truss. The verticals are struts, and the diagonals ties 
as in the Pratt truss. 

The bowstring truss may be also built with all its web mem- 
bers inclined, as in Fig. 52, which shows the through typeo As 
this truss is used mainly for 




Fij.SX. 
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aesthetic reasons, it is not 
often built as a deck bridge. 
The diagonals must be de- 
signed to take both ten- 
sion and compression. 

The maximum stresses shown on Figs. 51 and 52 are for a 
dead load of 0.27 tons and a live load of 0.816 tons per linear foot, 
the span in both cases being 60 feet and the apexes of the curved 
chords lying on circles having 50 feet radii. The center depth 
for the lenticular truss is 20 feet, and for the bowstring 9.75 feet; 
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(this depth of 20 feet is too great for good practice, and in fact 
Fig. 5 1 is drawn much less than this in depth). 

The Pratt truss for spans greater than i/S to 200 f^ct is usually 
built with two systems of webbing, forming what is known as 
' double intersection trusses/ the discussion of which is reserved 
for the next Chapter, where will also be described a number of 
other forms used for highway as well as for railroad bridges. 
The Warren truss is frequently built with a double system of 
webbing even for spans as short as 50 feet. 

Prob. 65. A lenticular truss of 60 feet span, like Fig. 51, is 20 
feet deep at the middle. Find the depths for the other verticals^ 
taking the curves as circles of 50 feet radius. Find the maximum 
stresses due to a dead load of 0.27 and a live load of 0.816 
pounds per linear foot per truss. 

Ans. B6 = — 1.9, Cc = — 3.2, Dd = — 2.7, Bc= -j- 6.5^ 

Cd=+6.g, Dc= +6,1, dr^=+4.7 



Art. 41. Snow Load Stresses. 

Thus far the stresses have been regarded as caused only by the 
dead and live loads, and in fact many highway bridges have been 
built in which only these loads are considered. A complete in- 
vestigation, however, must include the effects of snow and wind. 

For highway bridges the snow load is taken from o to 20 
pounds per square foot of floor surface, depending upon the 
climate where built. In cities the sidewalks are usually kept free 
from snow, and in the country the full live load is not apt to come 
upon the bridge when its floor is heavily loaded with snow. The 
value selected may hence generally be a little lower than for 
roofs. 

As the snow is a uniform load the computation of the stresses 
caused by it is made in exactly the same manner as for dead 
load, all the weight being taken on that chord which supports the 
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floor. Or if zi/ and w be the snow and dead loads per linear 
foot, the snow load stresses can be found by multiplying the dead 

load stresses by — > provided all the dead load be taken on the 

roadway. 

Prob. 66. A through Pratt truss of 162 feet span has 9 panels, 
and is 24 feet deep ; its width, including sidewalks, is 30 feet 
Find the stresses caused by a snow load of 10 pounds per 
square foot 



Art. 42. Wind Stresses. 

The wind is to be taken as blowing horizontally at right angles 
to the line of the bridge, and exerting a pressure of from 35 to 40 
pounds per square foot For a highway bridge the surface ex- 
posed to wind action is usually taken as double the side elevation 
of one truss. If the area of this be not known an approxima- 
tion to its value may be found by taking it as many square feet 
as there are linear feet in the skeleton outline of the truss. 

The wind pressure takes effect in the lateral bracing, by which 
it is transferred to the abutments. Between the chords which 
support the floor, the floor beams act as struts and diagonal ten- 
sion rods are attached to them near the trusses. Between the 
other chords normal struts and diagonal ties are generally used, 
making a lateral truss of the Pratt type. The chords of the 
main trusses are hence also the chords for the lateral bracing. 
Thus, Fig. S3 shows the plan of 
a bridge, ab and cd being the two 
chords. When the wind blows in 
the direction of the full arrows it 
produces tension in ab and com- 
pression in cd, and strains the full line diagonals. When it 
blows in the opposite direction it produces tension in cd, com- 
pression in cibf and strains the other sejt of diagonals. 




Fig. 53. 
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The wind is to be regarded as a live load ; hence, for the chords 
it is to be applied at all the panel points, and for the bracing so 
placed as to give the greatest stress in each member. 

For example, take a through Pratt truss highway bridge of 
162 feet span and 18 feet width. Let AabB be one-half of its side 

elevation, 
each panel 
being 18 feet 
long and 24 
feet deep. 
Let aa!Vb be 
the plan of 
the upper 
and AA'B'B 
the plan of 
the lower 
lateral brac- 
ing. Aaa'A' 
is an end 

view showing the portal bracing which helps to transfer the wind 
pressure on the upper chord down to the abutments. It is re- 
quired to compute the stresses due to a wind pressure of 38 
pounds per square foot. 

By the approximate rule the number of square feet exposed to 
wind action is, 

162 + 126 + 8 X 24 + 14 X 30 = 900 square feet. 

The total wind pressure is then 900 X 38 = 34200 pounds, 
which gives about 2 1 30 pounds for each panel wind load. 

Taking the wind as blowing in the direction of the arrows, 
shown in Fig. 54, and as uniformly distributed, the chord stresses 
are found as for dead load (Art. 27), the broken diagonals being 
unstrained. 

Regarding the wind as a live load the largest shear for each 




Fig. 54. 
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member of the bracing is found by Art. 32, and this multiplied 
by the secant (1.4 142 for the ties and i for the struts) gives the 
greatest stress. When the wind travels from right to the left the 
full line ties are strained, and when in the other direction the 
broken ones. 

Thus, all the wind stresses are found and marked on the dia- 
grams. When the wind blows on the other side of the bridge, 
the diagonal and chord stresses are to be interchanged, while the 
strut stresses remain the same. As the diagonal lateral ties are 
made adjustable to stiffen the trusses together, they are often 
larger in section than the wind stresses require in order to allow 
for initial tension. 

Occasionally the lateral bracing is made of the Howe type, the 
diagonal pieces being struts, and the normal ones ties, but for 
iron bridges the usual style is the Pratt, as above explained. In 
deck bridges, ties called * sway-bracing ' are often introduced^ 
which run from each upper chord to the opposite lower chord ; 
these serve to stiffen the bridge under the live load, and also at 
the ends perform the same function as the portal bracing. 

As the effect of wind is to produce tension in one chord and 
compression in the other, the dead and live load stresses will be 
both increased and diminished, so that the range of stress is 
larger. It is, however, not probable that a highway bridge would 
be covered with the live load during a hurricane which causes a 
pressure of 40 pounds per square foot. 

Prob. 67. Find the stresses due to wind in both lateral systems 
of a through Pratt truss, the span being 150 feet, panel length 15 
feet, depth 20 feet, width between trusses 16 feet. 

Art. 43. Final Maximum and Minimum Stresses. 

The final maximum stress in a truss member is the largest re- 
sulting from all possible combinations of dead, live, snow and 
wind loads, and the minimum stress is the smallest that can occur 
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from the action of these loads. The maximum and minimum 
stresses found in Arts. 31-39 are for dead and live loads only. 
With these are now to be combined the snow and wind load 

stresses. 

To illustrate, we take the through Pratt truss already computed 
for dead load in Art. 28 and for wind load in Art. 42. The span 
is 162 feet, panel length 18 feet; depth 24 feet, width 18 feet, 
dead apex load on upper chord 1.35 tons and on lower chord 3.3 
tons, live apex load 6.4 tons, snow apex load 0.8 tons, and wind 

apex load i .065 tons. The stresses 
due to dead, live, snow, and wind 
loads having been computed, they 
are tabulated as follows, and the 
*'*^' final maximum and minimum 

stresses found by addition. First, for the lower chord, we have, 






L^ j A 


^3 


A 


^5 


From dead load 
From live load 
From snow load 
From east wind 
From west wind 


+ 14.0 

+ 19-2 
+ 24 

— 4.3 
0.0 


+ I4-0 

+ 19.2 

+ 2.4 

— 7.5 
+ 43 


+ 24.4 

+ 33.6 

+ 4.2 

— 9.6 

+ 7.5 


+ 314 

+ 43-2 

+ 5.4 
— 10.2 

+ 9.6 


+ 34.9 
+ 48.0 

+ 6.0 

— 10.2 

+ 10.2 


Maximum stress 
Minimum stress 


+ 35.6 

+ 9-7 


+ 39-9 
+ 6.5 


+ 69.7 
+ 148 


+ 89.6 
+ 21.2 


+ 99.1 
+ 24.7 



For the end post and upper chord we have in like manner 



» 


U^ 


u. 


^3 


U, 


^5 


From dead load 


— 23.3 


— 244 


— 314 


— 349 


— 349 


From live load 


— 32.0 


— 33.6 


— 43.2 


— 48.0 


— 48.0 


From snow load 


— 4.0 


— 42 


-5.4 


— 6.0 


— 6.0 


From east wind 




— 3.2 


-5.3 


-6.4 


— 6.4 


From west wind 




0.0 


+ 3.2 


+ 5-3 


+ 64 


Maximum stress 


— 59-3 


— 65.4 


-85.3 


— 95-3 


— 95.3 


Minimum stress 


— 23.3 


— 24.4 


— 28.2 


— 29.6 


— 28.5 



Art. 43. FINAL MAXIMUM AND MINIMUM STRESSES. 

For the web members there are no wind load stresses, and 
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^x 


T. 


^3 


T, 


Ts 


n 


From dead load 
From live load 
From snow load 


+ 17.4 

+ 24.9 

+ 3.0 


+ n.6 

+ 18.6 

+ 2.0 


+ 5.8 

+ 13.3 
+ 1.0 


0.0 

+ 8.9 

0.0 


0.0 

+ 5.3 
0.0 


0.0 

+ 2.7 
0.0 


Maximum stress 
Minimum stress 


+ 45.3 
+ 16.2 


+ 32.2 
+ 8.9 


+ 20.1 + 8.9 

-f- 0.5. 0.0 

1 


0.0 
0.0 


0.0 
0.0 



The counters T^ and T^ have no stress, but the former at least 
should be inserted to stiffen the panel and assist in emergencies. 
It will be noticed that the minimum stress in any main tie is less 
than that due to the dead load by the amount of compression 
caused by the live load; thus, for T^ the minimum tension is 
1 1.6 — 2.7 =8.9 tons; also min. T^ = 17,4 — T^^ = -f- 16.2 tons. 

In conclusion it should be said that it is not the common 
practice to use the wind stresses for finding the maximum and 
mimimum chord stresses, it being generally assumed that the 
live load will not come upon the bridge in violent storms. The 
many failures of highway bridges indicate, however, that they 
have not been built of sufficient strength, and hence it is certainly 
to be recommended that the true maximum and minimum 
stresses should in all cases be computed. 

Prob. 68. Find the final maximum and minimum stresses for 
the verticals, in the above example. 

Prob. 69. A through Warren truss of 60 feet span has 10 
panels; its depth is 12 feet, width between trusses 16 feet, and it 
has two sidewalks each 5 feet wide. The dead load per linear 
foot is to be found from formula (2) and all to be taken on the 
lower chord. The live load is 90 and the snow load 10 pounds 
per square foot of floor. The wind pressure is to be 40 pounds 
per square foot Compute the final maximum and minimum 
stresses. 
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Art. 44. Investigation and Design. 

The remarks made in Arts. 2 1 and 22 concerning the investi- 
gation and design of roofs apply, with but slight modifications, to 
highway bridges. Each of the problems is a complex one, re- 
quiring great skill in many other departments besides the mere 
computation of the stresses. The designing of the joints, in par- 
ticular, is often a difficult task in order to secure compactness, 
stability', and economy, and in large establishments is entrusted 
only to experts. The student should form the habil of sketching 
the details of bridge connections in order to become ^miliar with 
the various designs in use. 

The flexural stresses due to the weights of the members them- 
selves are too small to be considered, but when floor beams are 
placed on the chords, as in the Howe truss, the effect of flexure 
must be computed by the methods of Art. 74 or 75, Mechanics 
of Materials. The chord, if continuous, may be regarded as a 
beam fixed at the panel points. 

The end supports of bridges are arranged like those of roofs, 
one end of each truss being fastened to the abutment, while the 
other is free to move longitudinally to allow of expansion and 
contraction under changes of temperature. For these and 
other details see the folding plates in Part III, where will be 
found drawings of different kinds of trusses, one being a high- 
way bridge for electric car traffic. 

Prob. 70. What will be the change in length of an iron bridge 
of 200 feet span between -j- 100° and — 10° Fahrenheit? 
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CHAPTER III. 

RAILROAD BRIDGE TRUSSES. 

Art. 45. Dead Loads. 

The bKdges here discussed will be those for a standard gauge 
railroad, single or double track. The clear width between the 
two trusses of a through bridge is for a single track about 1 3 or 
14 feet, and for a double track about 25 feet Only a few two- 
truss bridges for three tracks have been built Bridges with foui 

tracks have three or more trusses. 

The dead load, or own weight, of such a bridge depends upon 
its span, the live loads carried, the unit-stresses adopted, the style 
of the bridge and many other considerations, so that it can only 
be accurately ascertained for a particular case by actual compu- 
tation. The following values give, however, approximate weights 
which may be used as a guide in the absence of more detailed 
information. 

The floor system consists of rails, guard rails and cross-ties, 
which rest upon stringers, these in turn being supported by the 
floor beams, which are attached to the chords at the panel points. 
The weight of the rails, guard rails and cross-ties averages about 
300 pounds per linear foot of track, but in computing stresses it 
is often taken as high as 400 pounds. The stringers and floor 
beams vary in weight with the panel length. The weight of the 
entire floor system for a single track bridge may be stated at 
from 450 to 600 pounds per linear foot 
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The lateral bracing of both upper and lower chords will 
weigh from 50 to 300 pounds per linear foot of single track, de- 
pending. upon the length of span. 

The total dead load of the bridge can be roughly found from 
the following empirical formulas, which for spans less than 300 
feet will give values sufficiently accurate for the computation of 
stresses. 

For single track, zv = 560 + 5.6/, , x 

For double track, w = i 070 + 10.7/, ^^^ 

in which / is the span in feet, and iv is the dead load in pounds 
per linear foot. Wooden bridges weigh about the same as iron 
ones of equal strength. 

Prob. 71. If the floor system weighs 600 and the lateral brac- 
ing 1 50 pounds per linear foot, find the approximate weight of 
the trusses for a span of 250 feet 

Prob. 72. A distance of 720 feet between two abutments is to 
be spanned with single track bridges. If each pier cost ^8,000, 
and the bridges cost 4 cents per pound, find the most economical 
number of spans. 

Art. 46. Live Loads. 

The live load to be assumed in computing the bridge is that 
of the heaviest cars and locomotives which pass, or are to pass 
over it. It is often a very difficult matter to ascertain these data, 
but when a bridge is to be built the railroad company usually 
specifies the live loads to be used, so that the designer is free 
from that responsibility. Several methods of stating the live load 
are in use : 

1st — A uniform live load varying from 2 200 to 4 500 pounds 
per linear foot of track, the largest load being for the shortest 
span, and about as follows : 

Span, 50 100 150 200 300 400 500 feet. 

Load, 4 200 3 600 3 200 3 000 2 600 2 400 2 200 pounds. 
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This method was formerly much in use, but is now only occa« 
sionally employed for computing the chord stresses. 

2d — A uniform train load, varying as above^ which is pre- 
ceded by one panel of heavy locomotive load. The preceding 
heavy load is taken about 65 000 pounds for a ten foot panel, 
and is increased 3 500 pounds for each foot of increase in panel 
length ; or if / be the length of the panel this load is for a single 
track, 30 000 + 3 SCO p. Sometimes the preceding locomotive 
load is taken for two or three panels in front of the train instead 
of for one. Some railroad companies use the uniform live load 
only for computing the chords, while for the webbing the preced- 
ing load is specified. See Part III for electric cars. 

A number of other varieties of loading, due to single concen- 
trated weights and locomotive wheels, are also in use. These 
will be explained in Arts. 57-59. 

If the bridge has two tracks each truss sustains the loads as 
given, for it might happen that both tracks would be covered at 
the same time. If the bridge has but one track the stated loads 
are to be divided by two to obtain the loads per truss. 

The reason why the largest loads are taken for the shortest 
spans is evident. A bridge of 50 feet will be entirely covered by 
a locomotive and tender, while one of long span would rarely be 
loaded heavier than by a train drawn by two locomotives. 

, Prob. 73. Find the train and locomotive panel loads for the 
truss of a single track bridge of 252 feet span with 18 panels. 



Art. 47. Snow, Wind and Impact. 

» 

The snow load is not considered for railroad bridges, since the 
floor is open so that little can be retained. 

The tvind is to be taken at from 30 to 40 pounds per square 
foot on double the side elevation of one truss, to which should 
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be added the side sur&ce of a train standing upon the track. 
This train sur&ce is about lo square feet for each linear foot of 
the bridge. All the stress computations for wind are made ex- 
actly as in Art 42, the lateral bracing of those chords which sup- 
port the floor taking all the wind load upon the train. The 
lateral bracing is almost always of the Pratt type, and rarely has 
a double system of diagonals. 

Impact is the eflect of suddenly applied loads which, as is well 
known, produce greater stresses than the same static loads. It 
is also generally taken to include the eflect of shocks due to 
irregularities in the track, to unbalanced driving wheels and other 
causes. The manner in which the impact stresses are to be de- 
termined and allowed-for is an unsettled problem. Evidently, 
however, the effect is greater the shorter the span, since the ratio of 
live to dead load is higher for shorter spans than for long ones, 
and for the same reason it is greater in the webbing than in the 
chords (Art. 37). 

Some engineers allow for impact by increasing the given static 
loads by a percentage which decreases with the span, being about 
20 per cent for 50 feet spans, 10 per cent for 100 feet spans, and 
becomes o for 150 feet spans. Others compute the maximum 
^stresses due to given loads and then increase them by similar 
varying percentages, taking less increase for chords than for 
webbing. Others again use the maximum computed stresses and 
allow for the impact by varying the working unit-stresses, taking 
the lowest unit-stresses for the members having the greatest range 
of stress. 

The last method will be adopted in this book, as it seems on 
the whole to be the most rational. In this Chapter we have then 
to compute the greatest and least stresses in the truss members 
due to the assigned dead, live and wind loads. 

Prob. 74. Find the approximate ratio of live to dead load for 
a bridg:e of 100 feet span,, and also for a bridge of 300 feet span. 
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Art. 48. 'Kinds of Trusses. 

All of the statical principles in Chapter I, and all of the gen- 
eral methods of Chapter II, are directly applicable to the compu- 
tation of stresses in railroad bridge trusses. The Howe, Pratt 
and Warren trusses are extensively used on railroads as well as 
on highways. For short spans the king and queen-post trusses 
are now seldom used, their place being generally filled by wrought 
iron riveted plate girders. 

The wooden Howe tfuss, once a favorite form, on account 
of simplicity of construction, lacks in stiffness and durability, 
and is hence going gradually out of use. The Howe, built 
wholly in iron, is called the Jones ; very few of these have 
been constructed as it is not economical to have numerous 
iron struts in an inclined position, and there is difficulty in 
making good end connections. The ill-fated Ashtabula bridge 
was a Jones truss. 

The Pratt was originally made all of wood, except the wrought 
iron diagonals and cast-iron joint connections. Now it is built 
entirely of wrought iron and is more extensively used than any 
other kind. A Pratt form with a double system of webbing, as 
shown in Fig. 60, is called the Whipple truss. This duplication of 
the web system is made in long spans for the purpose of keeping 
the panel points and floor beams nearer together than would be 
the case in a single system with the same inclination of diagonals. 

The through Warren truss is sometimes built with vertical sus- 
pension rods, each of which sup- 
ports a floor beam, and takes only 
the stress from the panel load, 
which is thus virtually supported 
by the upper chord. If inverted this becomes a deck truss in 
which the vertical members are compression pieces. As these 
verticals are not real truss members, they may be called * sub- 
verticals.* 



' /K7K7K7K7K 

1 Fig. 56. 
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The Warren truss is frequently built with a double and occa- 
sionally with a quadruple sys- 
tem of webbing. If the joints 
of these are riveted, as is 
generally the case for short 
spans, they are called lattice 

girders. A lattice may be re- 
Fig. 57. ^ ... 

garded as a modification ot 

the plate girder, with portions of the web omitted. 

A number of other forms of trusses will be explained in the 
following Articles of this Chapter. Truss bridges of less span 
than 50 feet are now rarely built for railroad service. For spans 
of from S to 30 feet solid I beams are used, and for spans of 30 
to 90 feet plate girders. For spans of 90 to 1 50 feet riveted lat- 
tice girders are a favorite type, and for spans above 1 50 feet pin- 
connected trusses are most common in this country. 

Prob. 75. Find the stresses in Fig. 56, due to a load of 2 tons 
at each panel point of the lower chord. 



Art.* 49. The Warren Truss with Sub- Verticals. 

The Howe, Pratt and Warren trusses for railroad bridges, 
when with a single system of webbing, are computed, if the live 
load be uniform, in exactly the same manner as set forth in the 
last Chapter. The following example illustrates the method 
when the uniform live load is preceded by a heavy locomotive 
panel load. 

Let the truss be a Warren with vertical struts, 100 feet in span 
and 10 feet in depth. Let it be a deck single track bridge weigh- 
ing I 1 20 pounds per linear foot ; let the live load be a train of 
3 600 pounds per linear foot, preceded by two panels of locomo- 
tive load weighing 64 000 pounds each. It is required to com- 
pute the maximum and minimum stresses due to these loads. 



Art. 49 the warren truss with sub-verticals. 



n 



For brevity we find the panel loads in short tons; the 
dead panel load is 2.8 tons, the train panel load is 9.0 tons 
and the locomotive panel load 16.0 tons. 




Piff. 58. 

For the verticals the minimum stress is evidently the dead 
panel load 2.8 tons, and the maximum is the full panel load 
2.8 + 16.0, or 18.8 tons, both compression. 

The minimum chord stresses are due to dead load alone; 
placing the load 2.8 tons at each panel point of the upper chord 
the stresses are computed by either of the methods of Art. 27. 
The maximum chord stresses are due to dead plus live load; 
or to seven loads of 11. 8 tons and two loads of 18.8 tons placed 
as shown in Fig. 58; for these loads the stresses are found by the 
method of moments. 

The maximum stress in any diagonal occurs when the dead 
load covers the whole bridge and the live load is placed on the 
right of a section cutting that diagonal. The shear for these 
loads being found by Art. 33, this shear multiplied by the secant 
of the angle which the diagonal makes with the vertical gives the 
stress (Art. 26). For the minimum stress the load is reversed 
in direction and covers the truss on the left of the section ; or if 
preferred the train may be backed and the maximum shear found 
for the corresponding member in the right hand part of the truss ; 
thus the maximum shear for S has the same numerical value as 
the minimum shear for S^. 

The following equations for finding the stresses in a few of the 
pieces will serve as examples of the methods : 

For min ^3, — 5 X 10 = 4.5 X 2.8 X 50 — 2.8 (40 + 30 

+ 20 + 10) 
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For max ^j,— 5 X lo = 65 X SO — 18.8 (40 + 30) 

— 11.8(20 + 10), 
For min S^, S= — [12.6 + 16 (^ + 3^) — 2.8 X 7] 

X 1 4142, 

For max S\, S = [12.6 + 9(iV + l^ + A + T^ + A) 

+ 16 (A + ^3;^) - 2.8 X 2] X 14142. 

Thus all the required stresses are found ; for the chords. 



I 



Maximum stress 
Minimum stress 



^x 



— 65.0 

— 12.6 



138.6 
-29.4 



— 158.0 
— 35.0 



-f III.2 
+ 22.4 



+ 154.2 

+ 33»6 



and for the diagonals, 





Se 


•^7 


^8 


•Si 


^.0 


Maximum stress 
Minimum stress 


+ 91.9 
+ 17.8 


— 74-5 

— 1 1.6 


+ 58.4 

+ 3-1 


— 43-S 
+ 6.6 


+ 30.0 
— 17.8 



Here, as usual, plus denotes tension, and minus, compression. 

Prob. 76. Compute the maximum and minimum stresses for a 
Howe truss of 100 feet span, 8 panels and 20 feet depth, using the 
same dead and train loads per linear foot as in the above example, 
the preceding locomotive panel load being 75 500 pounds over 
one panel only. 



Art. 50. The Double System Warren Truss. 

In a truss with two diagonal systems a section in general will 
cut four pieces, and as there are only three conditions of equi- 
librium (Art. 4), it would at first appear that the stresses could 
not be determined. This difficulty is overcome by the following 
fourth condition or hypothesis : 

Each system oi diagonals is strained only by the loads which 
rest upon it 
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Thus, in Fig. 59, the loads P are transferred to the abutments 

by the diagonals drawn full, while the loads Q are carried by the 

broken diagonals. 

Hence, such a 

truss consists of 

two independent 

systems or trusses, 

the chords being common to both, the stresses for which may 

be separately found. The stress in any chord member as j5C 

is then the sum of the separate stresses m AC and BD. 

For example, let the truss in Fig. 59, be 100 feet in span, 12.5 
feet in depth, and all the loads be on the lower chord. Let the 
dead panel load per truss be 3.5 tons, and the train panel load 12 
tons, preceded by one locomotive panel load of 19 tons. To find 
the minimum stresses in the upper chord each of the loads Pand 
Q is 3.5 tons. For the full line system we consider only the 
loads P^y P^ and P^; the reaction is 5.25 tons, and the equation 
for stress in DF is, 

— DF^X 12.5 = 5.25 X 50 — 3.5 X 25, DF= — 1^.0, 

and in the same manner we find BD = — 10.5, AB = o. Again, 
for the broken line system we consider only the loads Q , Q , Q 
and Q^; the reaction is 7 tons, and for stress in C£, 

— C£ X 12.5 = 7 X 37-5— 3.5 X 25, (7^ = — 14.0, 

and in the same way we have AC = — 7.0. Then for the final 
minimum stresses we find, 

^^=—0— 7.0 = — 7.0, BC=— 7.0— 10.5 = — 17.5, 

CD= — 10.5 — 14.0 = — 24.5, DE= — 14.0 — 14.0 = — 28.0. 

In the same way the minimum stresses in the lower chord are 
found to be, 

ad = + 5.25, 6c = + 15.75, ^d=+ 22.75, de = + 26.25. 
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' For the maximum chord stresses the locomotive should stand 
at 0, and the other panel points receive the train Iqad ; . thus 
Q^ = 22.5 tons, and the other loads 15.5 tons. For the full system 
the reaction is 23.25 tons and for the broken system 37.125 tons. 
The stresses for each system are now found as before and added, 
giving, 

AB = — 37.1, BC = — 83.6, CD=—\ 12.9, DE = — 1284, 
^^ = + 23.25, fc = + 75.0, cd =^ -{- 106.0, de ^= + 119.75. 

The ratios of minimum to maximum stress are here only approxi- 
mately in the ratio of dead to total load, on account of the single 
heavy panel weight. 

The maximum and minimum diagonal stresses are found by 
the usual method, each system carrying only its own loads. For 
the maximum in Cd, we have, 

^= [7 + 19 X I + 12 (I + i) — 3.5] X 1.4142 = 30-2 tons^ 

and for the minimum, 

5 = [7 + 19 X I — 3.5 — 19] X 1. 4142 = 1.6 tons. 

Thus the following stresses are determined 





Ab 


Be 


Cd 


De 


Ba 


Cb 


Dc 


Fd 


Max. 
Min. 


+ 52.5 
+9-9 


+40.3 
+74 


+30.2 
+ 1.6 


+20.2 
—4.2 


—40.3 

—74 


—30.2 
— 1.6 


— 20.2 
+ 4.2 


— 12.2 
+ 12.2 



The minimum compressive stress in the end post Aa is 7 tons 
and the maximum is 37.1 tons. 

Prob. TJ, A double system deck Warren truss of 100 feet span 
has 10 panels and is 10 feet deep. The dead load per linear foot 
per truss is 560 pounds, and the train load i 800 pounds, which 
is preceded by two heavy locomotive panel loads of 65 000 pounds 
each. Compute the maximum and minimum stresses in all 
members. 



Art. 51. 



THE WHIPPLE TRUSS. 
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Art. 51. The Whipple Truss. 

The Whipple truss, or double intersection Pratt, is very exten- 
sively used. The example is a through double track bridge of 
127 feet loj- inches span, and having 11 panels, each 11 feet 7^ 
inches long, and 23 feet 3 inches deep. The dead load per linear 
foot per truss is i 000 pounds, the train load 3 000 pounds, and 
the locomotive load 4 500 pounds. The locomotive load is not 
to be used for the 

chords, but for /IVv fv ^ ^ v'hx -^^^ 

the webbing one 
panel of it pre- 
cedes the train. 
These data give 
the dead panel load 11 625 pounds, the train panel load 34 875 
pounds, and the locomotive panel load 52 312 pounds. Fig. 6a 
shows the truss with the counter-ties in broken lines. 

As this truss has an odd number of panels, the division into 
two separate systems cannot be made so that both will be sym- 
metrical on each side of the mid- 
dle. Under uniform load, how- 
ever, it is evident that there is no 
shear in the middle panel FffP; 
hence, the shear in Df is one 
panel load, as also is CV. There- 
fore, to find the chord stresses Fig. 61. 
the division into systems must be made as shown in Fig. 61. By 
the method of moments the chord stresses are now found as in the 
last Article. Thus, for de we have to find df from the first system 
and ce from the second. ' For the first the reaction under full load 
is 139 500 pounds and for the second 93 000 pounds. Then, 

df X 23.25 = 139 SCO X i^ X 23.25 — 46 500 X I X 23.25, 
ce X 23.25 =93000 X 23.25, 

whence ^ = + 162 750 and r<? = + 93 000, the sum of which 
is 255 750, the maximum stress in de. 
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The same result may be found by the method of increments 

which is perhaps shorter for this case. In Fig. 60, we see that 

the stress in de is the sum of the horizontal components of the 

stresses in Ba, Be and Bd. The shears for these members are 

232 500, 93 000 and 93 000 pounds ; the tangent for Ba and Be is 

1 1 62 •> 

^ = 0.5, and for Bd is i.e. Hence, for the maximum 



23.27 
stress in de we have 

^=(232 500 + 93 000) X 0.5 +93000 X 1.0= + 25s 750. 
Thus are found the final stresses as follows : 





ab and be 


cd 


1 
de 


^f 


r 


Maximum 
Minimum 


+ 116 250 
+ 29060 


+ 162 750 
+ 40 690 


+ 255 750 
+ 63 940 


+ 302 250 
+ 75560 


+ 348750 
+ 87190 



B 



F' t 



For the upper chord BC has the same stress as de, CD the same 
as ef, and DP the same as ff^. 

For the diagonals the maximum and minimum stresses occur 
under unsymmetrical loads, and hence some ambiguity exists as 
to the manner in which the division into systems is to be made. 

For the dead load 
the division 
shown in Fig. 61 
is certainly cor- 
rect, but an un- 
symmetrical live 
load must be regarded as transferred in a different manner. Let 
Fig. 62 be drawn showing diagonals inclined in one direction 
only, let the live load come on from the right, and suppose each 
system to carry only the live loads which rest upon it. For 
maximum stress in Dd the locomotive is' at f and the train at e* 
and e'; then 

~Dd= II 625 + 52312 X A + 34 87s (A + A 




:^ 







Fig. 6a. 
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whence max Dd = — 59 180. This multiplied by sec gives 
the stress in Df, 

For the counter Fd or F'd* the minimum stress is o, and the 
maximum is, 

F'd' = (_ II 625 + 52 312 X 1^^ + 3487s X iV) X 14142. 
For Bd the minimum stress is, 

Bd={2 X II 625 — 52 312 X •^) 1.4142, 
and the maximum for Be is, 

^^ = [2 X 11625 + 52312 X A + 3487s 

(A + A + A + lV] X 1.118. 
Thus we find all the web stresses, using Fig. 61 for the dead 
load and Fig. 62 for the moving live load. The stresses in Ba 
and Bb are found in the same manner as if the truss were a single 
system. The following are the final values : for the end post and 
verticals, 





Ba 


Bb 


Cc 


Dd 


Ee 


^ 


Maximum 
Minimum 


— 277 620 
—64980 


+63940 
+ 11625 


—73440 
— II 625 


-59180 



—36460 



—25360 




and for the diagonals, 





Be 


Bd 


Ce 


Df 


Ef 


E'e 


Fd 


Max. 
Min. 


+ 130540 
+25990 


+ 140490 
+26150 


+ 103850 
+2990 


+83680 



+ 51550 



+35860 



+8220 




The above chord stresses may be both increased and dimin- 
ished by the wind pressure, which is here not considered. 

Prob. 78. Compute the maximum and minimum stresses for 
a through Whipple truss of 10 panels, each 12 feet long and 24 
feet deep, the dead load per linear foot per truss being i 000 
pounds, the train load 3 000 pounds, and for the webbing one 
locomotive panel load of 64 000 pounds to precede the train. 
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Fig. 63. 



Art. 52. The Bollman Truss. 

This form of truss, formerly built to some extent for short spans 
in the Western States, is shown in Fig. 63. Itconsists of a series of 
inverted unsymmetrical king-post trusses, aBl^ aCl^Qtc,, each of 

which carries the 
load resting upon 
it. Counter-ties 
shown by broken 
lines are placed in 
each panel to stif- 
fen the structure. The upper chord and verticals are compres- 
sion members and all the others are ties. 

A load placed at any panel point, as c^ is directly carried to the 
abutments by the ties Ca and C7, and does not affect the other 
members. The stress in each post is evidently due to the panel 
load upon it. The maximum stress in the upper chord will occur 
under the full train load when all the main ties are brought into 
action. The maximum stress in any main tie occurs when the 
locomotive stands upon the corresponding post. The counters 
have no static stresses which can be computed, provided the main 
ties act in the manner supposed. 

Let the span be 90 feet, the panel length 1 5 feet, the number 
of panels 6, the depth 20 feet, the dead panel load 6 tons, the 
train panel load 14 tons, and the locomotive panel load 22 tons. 

The compressive stress in each vertical is 6 tons minimum and 
28 tons maximum. The stress in any tie, as Ca, is the shear from 
the load on the vertical Cc multiplied by the secant of the angle 
which it makes makes with that vertical, thus, 



= »X6X^^°' +-Jg = 



min Ca = ^ X6 X 



20 



-f- 7.2 tons, 



max Cb = f X 28 X 1.803 = + 33-7 tons. 

The minimum chord stress is found by placing the dead load 
at each panel point. By moments we take the center of moments 
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for each load at the Toot of its vertical, and have 

— 5X20 = |X6X I5+|-X6X30 + |X6X45 

+ |-X6x6o + ^X6X75- 
For the maximum chord stress 28 tons are placed at b and 20 tons 
at each of the other panel points. 

Thus the following values are found : 





al 


Bb 


Ba 


Ca 


Da 


a 


Bl 


Maximum 
Minimum 


— 92.5 

— 26.2 


— 6.0 
— 28.0 


+ 29.2 
+ 6.2 


+ 33.7 
+ 7.2 


+ 34.5 
+ 74 


+ 29.5 
+ 6.3 


+ 18,1 
+ 3-9 



When the Bollman truss is used as a through bridge the road- 
way is suspended from the lower apexes -ff, C, D. The form is 
now never built as there are many theoretical objections 
against it. 

Prob. 79. Prove that the stress in the upper chord of a Boll- 



man truss due to dead load is 



(fi" — i)pW 



e>d 



' where n = number 



of panels, p = panel length, d = depth and IV = panel load. 



Art. 53. The Fink Truss. 

This truss, like the Bollman, has no lower chord, and consists 
of a series of inverted king-post trusses arranged one within the 
other as seen in Fig. 64, the primary being a£l, the secondary 




aCe, and tertiary aBc, cDe, etc. Diagonal counters C6, Cd, etc., 
may also be placed in the panels to stiffen the structure. The 
vertical members are struts and all the diagonals are ties. From 
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the method of construction it is plain that the ties perform the 
functions of a lower chord, and hence that the maximum stresses 
in all members occur when the truss is fully loaded. 

Let the span in Fig. 64 be 80 feet, the panel length 10 feet and 
the depth 15 feet. Let the dead load per panel be 1.5 tons and 
the live load 9 tons, both on the upper chord. The minimum 

stresses will be —^ = ith of the maximum stresses so that it 

10.5 ' 

is only necessary to compute the latter. 

Placing the total load 10.5 tons at each panel point, the stress 
in Bb and Dd is 10.5 tons compression. The stresses in Ba, Bc^ 
Dc, De are each equal to J X 10.5 X sec tf, or to + 6.3 tons, 
since sec is 1.202. The stress in Cc is 10.5 tons from the load 
upon it, plus one-half of 10.5 tons brought by the tie Be, plus the 
same amount brought by Dc, or in total — 21 tons. This is 
divided between Ca and O, the stress in each of which is 
10.5 X 1.667 or + 17.5 tons. In like manner the stress in 
Ee\s — 42 tons and in Ea + 59.8 tons. 

For the stress in any panel of the chord ae either the method 

of increments or the method of moments may be used. By the 

latter we have 

^ I 10 I 20 I 40 

5 = - X 10.5 X - + - X 21 X - + - X42 X 7^ = 73.5- 

This completes the determination of the maximum stresses, 
except for counter-ties Edy Cd, etc., which cannot act under 
normal conditions on account of the absence of a lower chord. 
It is well, however, to insert such counters to provide against 
accidents. This form of truss is going out of use. 

Prob. 80. Find the stresses for Fig. 64, if the span be 100 
feet the depth 20 feet, the dead load per panel 2 tons, and the 
train load 14 tons, preceded by one panel of locomotive load 
weighing 22 tons. 

Prob. 81. If a load be at b in Fig. 64, what part of it goes to 
each abutment, and how ? 
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Art. 54. The Baltimore Truss. 

This modification of the Pratt type was introduced in order to 
avoid long panel lengths. In the deck form given in the figure 
all the ver- 
ticals are 
struts, and 
all the diag- 
onals ties, 
the counters 



B 



M M/M-'^X 



M 



Pig. 65. 



being shown in broken lines. The members Bb, Dd^ etc., are 
sub-verticals that are strained only by the panel loads which 
they directly bear. 

Let the span be 140 feet, having each panel of the upper chord 
10 feet in length, and the depth 20 feet The dead panel load is 
34 tons, the live 8 tons, and the locomotive 1 5 tons, which is to 
be taken for two panels preceding the train. It is required to 
find the maximum stresses in all members. 

The posts Bby Dd, Fjf and Hh have each a maximum stress of 
3.4 + 15 = 18.4 tons compression. 

The maximum chord stresses occur when the points b and c 
have the locomotive load, and the other points the train load. 
The left reaction for dead and live loads then is, 

^ = 6J (3.4 + 8) + (H + H) (IS ~ 8) = 86.6 tons. 
For the stress in CE the center of moments is at ^, and 

5 X 20 = 86.6 X 20 — 18.4 X 10, whence 5 = + 774. 
For the stress in cd the center of moments is at E^ and 

— 5 X 20 = 86.6 X 40 — 18.4 (30 + 20), 5 = — 127.2, 

which IS the same as the stress for de. Thus are found the fol 
lowing maximum chord stresses, 

^2r = — 86.6, r^ = — 127.2, <^ = — 148.5, 
C£= + 774, EG= + 121.5, GK^= + 141.3. 



F= 4i X 3-4 + ;-T (" + lo) + ^ (9 + 8 + . . . . + I) 

14. 14. 
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For the upper part of any main tie, as Dc^ the maximum 
stress occurs when the locomotive covers d and e and the train is 
at all points on the right ; with this position the shear in Dc due 
to dead and live loads is, 

15,.. . ..X . 8 

= + 63.51, 

hence the stress Dc = 63.51 X 1414 = + 89.8 tons. In 
the same manner we find Ba = -{- 122.5, Fe = -\- 60.4 and 
Hg= -\^ 34.2. 

For the lower part of any main tie, as DE, the locomotive 
stands at e and /, with the train on the right ; here, however, the 
method of shears apparently fails, as a vertical section through 
DE cuts four pieces, and for this section, 

DE cos d = Deco^d ^ V, or DE = De + T sec 0, 

But De may be found by resolving the forces at D in the direc- 
tion De, which gives De = ^Dd sec 6. Therefore, 

DE = {iDd+ V) sec 0. 

We now find V = 52.83 and Dd = 3.4, whence DE = + 77.1. 
In like manner BC = + 108.1 and FG = + 49.3. 

The maximum stress in any lower counter, as EF, is equal 
to that in the corresponding member LM, and this may be 
found in the same way as for the main ties, backing the 
train toward the right. Thus EF = LM = + 3.40 and 
HG = HK= + 24.7. 

The maximum stress for Be and De is 184 X 0.7071 or 
+ 13.0 (since Be = ^Bd sec 0, no matter what the stresses in 
Ba and BC may be). For Fg- the stress cannot be greater than 
+ 13.0, even when the counter EF is strained, for in the latter 
case /^ = -(S.i - 13.01-414 = + II.3- 

Lastly, for long verticals, as Ee, the maximum stress is the 
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vertical component of the maximum stress in the tie DE, Thus, 

Cc= — 76.5, Ee= — 54.5 and Gg = — 34.9. 

This tr«ss may also be used for through bridges, in which case 
the short sub-verticals be- 
come ties; Fig. 66 shows one 
form for such a truss. 




Fig. 66. 



Prob. 82. For the through 
truss, in Fig. 66, let the span 

be 144 feet, the depth 24 feet, and the panel loads the same as 
above. Compute the maximum stresses in all the members. 




Art. 55. The Post Truss. 

This form is intermediate in type between the Pratt and Warren 
trusses and is always with a double system of webbing, as shown 
in Fig. 67. The mem- 
bers Bb^ Cc, etc., are ^ j 
struts and all the other 
diagonals are ties. The 
counters are shown in 
broken lines. On the 
upper chord the panels 
are equal, but in the lower chord AB is one-half a panel 
length. The struts hence have an inclination of one-half panel 
for the total depth and the ties an inclination of one and one-half 
panels. The stresses are computed by the same method as for 
the double system Pratt truss. 

Let the truss in Fig. 6^ be a deck span of 80 feet, the depth 
20 feet, the dead load per linear foot per truss 500 pounds, and 
the live load 2000 pounds, the live load being taken large 
enough to provide for full locomotive loading, and both dead and 
live loads being on the upper chord. The dead panel load is 
then 2.5 tons, and the live 10 tons. 
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It is unnecessary to again detail each step for computing the 
maximum and minimum stresses, but the following are the equa- 
tions for a few of the pieces. It is seen that some ambiguity 
arises in the case of the counter ties, hence it is well to err on 
the safe side and compute them for live loads only. 



max CD 
max be 
max Dd 
max De 
max Ec 



12.5 (4 X ^ + i^ X M + li X :^), 

12.S (2 X :^^ + li X iJ + 2 X 3^xr + I X MX 
[-2.5 + io(| + | + i)]X 1.0308, 

io(f + l + i)X 1.25. 
[1.2s + io(| + |)] X 1.25. 



Thus we find for the chords, 





BC 


CD 


DE 


EF 


ab 


be 


cd 


de 


Max 
Min 


+ 12.5 
+ 2.5 


+ 31.25 
+ 6.25 


+ 4375 
+ 8.75 


+ 50.0 
+ 12.5 


— 20.3 
— 4.1 


— 35.9 
— 7.2 


-45.3 
-9.1 


-48.4 
-97 



for the ties, 





Ba 


Ca 


Db 


Ec 


Fd 


De 


Cd 


Be 


Max 
Min 


+ 25.8 
+ 5.2 


+ 23.4 
+ 4.7 


+ 17.2 
+ 1.6 


+ 10.7 
0? 


+ 9.4 



+ 6.2 



+ 3.1 



+ 1.6 




and for the remaining members, 





Aa 


AB 


Bb 


Ce 


Dd 


Ee 


Maximum 
Minimum 


— 50.0 

— 1 0.0 






— 25.8 
— 5-2 


-■I9-3 
— 3.9 


— 14.2 
-2.6 


— 9.0 

— 1-3 



The Post truss is seen most frequently used for through 
bridges; it is now seldom built, although it possesses some 
theoretic advantages. 

Prob. 83. Compute the stresses for Fig. (>J if it be a through 
bridge. 
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Art. 56. True Live Load Shears. 

In all the preceding examples, where a uniform live load per 
linear foot is used the largest live load shear at any section has 
been found by loading all 
the panel points on the right 
of the section with the live 
load, as in the first diagram 

of Fig. 68. Thus the first /T jTT TT W TT TV 
panel point on the right of / \/ ^ ^Jm^sd. i^^^^^^ 




Piff. 6S. 



the section has a full live 
load and the first one on 
the left has no live load. This assumption, however, is really an 
impossible one, for the live load is carried to the panel points by 
the stringers, and if any of it advance a distance x upon the panel 
a portion is transferred to the point on the left. The point n on 
the right cannot receive a full panel load until the train has ad- 
vanced to the point « + i, but then the point « + i receives a 
half panel load. The question now to be considered is : What 
is the value of the distance x in order that the shear in the panel 
may be the largest possible ? 

Let R be the left reaction and V the shear due to the live load 
on the panel between the points n and « + i, these being the 
/^th and ;^ + ith points from the right end of the bridge ; let r^ 
and ^« + , be the portions (or reactions) of the load wx which are 
carried to the points n and /^ + i. Then the shear upon the 
diagonals in this panel is F = i? — ^« + f If ^ be the live load 
per linear foot and p the length of the panel, the values of r^ 
and r^ + , are, 

Hence if m be the number of panels in the truss, 

^ n n + I n wj^ 

^ m *^^ m m 2pm 
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and accordingly the true shear due to the load wx is, 



wxn wx^ wx^ 

V = 1 » 

m 2pfn 2p 



The value of x which makes this a maximum is found by equat- 
ing the denvative -j- to zero, and is, 



n 



7n — I 



A 



which gives the position of the live load for the true largest 
shear in the « + ith panel from the right end. 

For instance, let the truss have lo panels, then for the true 
maximum shear in the seventh panel from the right end we have 
X = f/, for the eighth panel x = ^p, and for the tenth or last 
panel x = f/. Each panel, therefore, has a different position of 
the live load for true shear. 

This result shows that the live load in the panel is — th of the 

fft 

total live load on the bridge; for the total live load is 



n 



mn 



nwp + wpy which equals — — - — wp^ or m times the 

load on the panel. 

The value of the true shear for any panel may be found by 
placing the live load in the proper position just deduced and then 

computing the panel loads 
and reactions. Thus, let the 
truss in Fig. 69 have 8 panels 
each 1 2 feet long; the live load 
per linear foot being i.o tons. 
To find the shear for the member S^ the live load extends from 
the right a distance ;r = ^ X 12 beyond the point 5. The live 
panel loads at /, 2, j and ^ are each 1 2 tons ; at 5 the panel load 
is^ X 12 +f X 12 X 1.0 X 3^= 11.51 tons, and at rf the panel 
load is^Xi2Xi.0Xi^= 3.06 tons. The left reaction due 
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to these live loads is then found to be, 

/e = 12 (i + I + I + f) + n.51 X I + 3.06 X f = 24.49, 

and the shear for the diagonal S^ is, 

V^ = 24.49 — 306 = + 2143 tons. 

By the usual method of taking a full panel load at j and none at 
(5, we have, 

p; = ie = I2(i + I + I + t + I) = + 22.S tons. 

The usual method hence gives the shears too great and its error 
is on the safe side. 

The following is a comparison for the above example of the 
live load shears found by the usual method and by the stricter 
method here explained : 





K 


K 


^3 


^4 


Usual method 
Strict method 


+ 42.0 
+ 42.0 


+ 31.5 
+ 30.86 


+ 22.5 
+ 21.43 


+ 15.0 
+ I37I 


Difference 


0.0 


0.64 


1.07 


1.29 





^5 


^6 


^7 


Vs 


Usual method 
Strict method 


+ 9.0 
+ 771 


+ 4-5 
+ 3-43 


+ 1-5 
+ 0.86 


0.0 
0.0 


Difference 


1.29 


1.07 


0.64 


0.0 



It is seen that the difference is least at the ends of the truss and 
greatest near the middle. Inasmuch as the differences are all 
small and the usual method errs on the safe side, the latter is 
generally employed, and will hereafter in this Chapter be used 
unless otherwise specified. 

In the case of a preceding locomotive load a similar dis- 
crepancy exists between the true shears and those found by the 
usual method. As, however, it is a matter of judgment in stat- 
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ing this load and the number of panels it is to cover, it is not 
advisable to introduce refinements of calculation which are com- 
plicated and do not render the final results more reliable. The 
above demonstration, moreover, applies only to a truss with a 
single system of webbing, and is wholly inapplicable to a double 
system truss. 

Prob. 84. Compute the true shears and diagonal stresses for 
the Warren truss of Art. 34. 




Art. 57. One Concentrated Excess Load. 

It is sometimes specified that the trusses shall be computed 
for a uniform train load per linear foot upon which at any point 

a single excess load may be placed. 
Fig, 70 symbolizes this kind of load- 
ing. The excess load P is usually 
taken as the difference between one 

FifiT. 70. 

locomotive panel load and one train 
panel load. If the uniform train load per linear foot be taken at 
3 000 pounds the value of the excess load P should range from 
50 000 to 60 000 pounds, depending usually on the panel length 
and other circumstances. 

To compute the maximum stresses in a truss under such 
loads we can first find the stresses due to the dead and train 
loads by the methods already given ; to these are to be added 
the largest stresses due to the load P. It is, therefore, necessary 
to inquire where P should be placed to produce the largest shear 
and moment at any section. 

The largest positive shear at any section caused by a single 
load P will be caused when that load is on the right of the sec- 
tion and as near to it as possible, t or, the nearer the load to 
the section the greater the left reaction R (see Art. 32). The 
locomotive should hence precede the train to give the maximum 
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stress in the web members, and the load P should be put at the 
panel point on the right of the section. A full train load will be 
taken also at this panel point, as by the usual method. 

The largest bending moment, and hence the larges*: stress for 
any chord member, will be caused by P when it is placed at the 
center of moments for that member. For, if P be on the right 
of that center of moments, the chord stress is Rc/d, where c 
is the lever arm of the left reaction R and d is the lever arm 
of the chord stress; but R will be the greatest when the 
load is at the section through the center of moments (see Art. 30). 
This case will occur when tlie locomotive is pushing and pulling 
cars at the same time. 

To illustrate, take the Howe truss in Fig. 69. Let the span be 
1 20 feet, the depth 20 feet, the dead load i 200 pounds, the live 
train load 3 000, both per linear foot, and the excess load P 
54 000 pounds. It is required to find the maximum stresses in 
all members, for a single track through bridge. First, the panel 
loads are found to be, dead = 4.5 tons, train = 11.25 tons and 
excess = 13.5 tons. 

For any diagonal, as S^, the train covers the points /, 2, j, 4. 
and 5, and the excess load is put at j. The shear in S^ then is, 

f^, = 3i X 4.5 + ^^ (1 + 2 + 3 + 4 + 5)+ 13.5 X f 

— 2 X 4.5 = + 36.28, 

and the maximum stress is, 

S^ = — 36.28 X sec ^ = — 36.28 X 1.25 = — 45.4 tons. 

The shear 36.3 tons is the maximum tensile stress in the vertical 
tie to the right of S^. 

For the upper chord above 5^, the train covers the whole 
bridge and the excess load is put at the point 6, Then the left 
reaction is, 

R = 3j (4.5 + 11.25) + 13-5 X f = 65.25 tons, 
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and the equation of moments for the member is, 

65.25 X 30—15-75 X 15 + 5X 20 = 0, 

whence the maximum compression is 86.1 tons. 

In this manner we find the following maximum stresses : For 
the vertical ties beginning at the left end, 66.9, 50.9, 36.3 and 29.3 
tons ; for the main struts, 83.7, 63.6, 454 and 28.8 tons ; for the 
lower chord, 50.2, 86.1, 107.6 and 114.8 tons; for the counters^ 
1 4. 1 tons and i.i tons. 

Prob. 85. Find the maximum stresses in a through Pratt truss 
for a single track bridge, the span being 176 feet, panel length 16 
feet, dead load i 500 pounds, live load 3- 000 pounds, both per 
linear foot, and an excess load of 56 000 pounds. 

■ 

Art. 58. Two Concentrated Excess Loads. 

As the effect of one locomotive may be approximately repre- 
sented by a single excess load, so the effect of two coupled loco- 
motives may be represented by two excess loads placed 50 feet 
apart. As before, we take the weight of the train at about 3 000 
pounds per linear foot, and each excess load at from 50000 to 
60000 pounds. 

The largest positive shear at any section due to two loads 
always 50 feet apart, will occur when both loads are on the right 

of the section and one of them as near to 
it as possible. For, in this case the shear 
V is the reaction R, which is the greater 

Tflff mm 

the nearer the loads to the left abutment, 
but if the front load pass the section, V is decreased by P. 

The largest bending moment, and hence the largest chord 
stress at any section, due to two equal loads 50 feet apart, occurs 
when one of them is at the center of moments for the given 
section and the other is on that side of the section which brings 
it nearest to the middle of the bridge. Accordingly for a section 
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in the left hand half of the truss the second load is always to 
the right of the first The proof of this will be evident by 
considering the diagram of moments in Fig. 71. 

To simplify the computation it is often customary to take the 
distance between the two loads less or greater than 50 feet, in 
order to make both loads come upon panel points. Thus for 12, 
13, 15 and 17 foot panels the distances would be 48, $2, 45 and 5 1 
feet respectively. 

For example, we take a through Pratt truss of 162 feet span 
for a double track bridge, having 9 panels on the lower chord 
each 18 feet long, and 24 feet deep. The dead load is i 500 
pounds pier foot, one-third of which is to be taken on the upper 
chord and two-thirds on the lower chord. The train load is 
3 100 pounds per foot and there are two excess loads, 54 feet 
apart, each weighing 50 000 pounds. It is required to compute 
the maximum stresses in all members. 

We first find the panel loads to be: Dead on upper chord 4.5 
short tons; dead on lower chord 
9.0 tons; train 27.9 tons ; and each 
excess 25 tons. A full dead panel 
load should be taken at the first 
apex of the upper chord on account 
of the heavy portal bracing there. 

To find the maximum stress for the lower chord Z^, the dead 
and train loads cover the whole truss, one excess load is placed 
at the left end of L^ and the other three panels to the right. 
The reaction is, 

R = 4 (4.5 + 9.0 + 27.9) -f- 25 (I + i) = 196.155 tons, 

and the equation of moments is, 

Z3 X 24 = 196.155 X 36 — 41.4 X 18, 

whence L^ = 263.2 tons, the maximum tension. 

To find the maximum stress in the diagonal Z^, the dead load 
covers the whole truss, the train load is at every panel point on 




Pig. 7a. 
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the right of a section cutting T^ one excess load is at the foot 
of T^ and the other three panels to the right. The reaction due 
to these loads is, 

ie = 4(4.S+9.o) + ^(6+5 +4+3 + 2 + 1) 

25.0 ,^ 
+ -g— (6 + 3) = 144.1 tons. 

Hence the stress in T^ is, 

T^ =(144.1 — 2 X 13.5) ir_± = + 146.4 tons. 

24 

The maximum stress in F is the same as the maximum shear, 
since sec tf = i, and is, 

V^ = 144. 1 — 2 X 9.0 — I X 4.5 = 1 2 1.6 tons compression. 

The minimum stresses will be found for the chords by using 
dead load only, and for the main ties by placing the live load in 
the position to give minimum shear. The final values are as 
follows : 

For the chords, 





Z, and Z2 


64 and Z3 


1/ and Z4 


U^ and 65 


Maximum 
Minimum 


151.3 
40.5 


263.2 
70.9 


335.7 
91. 1 


368.8 
101.2 



For the end post and verticals. 





1 


K 


^3 




Maximum 
Minimum 


— 252.2 
— 67.5 


+ 61.9 
+ 9.0 


— 121.6 
— 16.6 


-83.9 
— 4.5 


— 49.4 
— 4.5 



For the main and counter ties 





Tr 


T. 


^3 


T, 


^5 


n 


Maximum 
Minimum 


+ 197.3 ' 
+ 43.4 


+ 1464 
+ 15.2 


+ 99-3 



+ S6-i 



+ 16.8 
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To the above chord stresses are to be added and subtracter! 
the wind stresses, if so specified. 

Prob. 86. Compute the mciximum and minimum stresses for a 
through triangular Warren truss of 192 feet span for a double 
track, having 16 panels, each 12 feet long, and 24 feet deep; 
the dead load being i 600 pounds, the train load 3 006 pounds^ 
both per linear foot of single track, and two excess loads 48 feet 
apart, each of 54 000 pounds. 



Art. 59. Locomotive Wheel Loads. 

The live load which is now in most general use for railroad 
bridges is a uniform train load of about 3 000 pounds per linear 
foot of single track, preceded by two coupled locomotives, the 
actual wheel loads being taken. The first of the following 
diagrams represents the two typical consolidation locomotives 
and the second the two typical passenger locomotives, specified 
by the Pennsylvania Railroad. The numbers between the wheels 

«; ^: ^ S: S' c: oj c»| Qi o: ^ §! S: §• o! 9: oi oi 

^ 1^ 1 1 1 |i M ^ si 1 1 1 |i Si I S ^ 



(j) OQQQ (!) 6 cj ) 6 I 000 ^'^ i^^^ 

\7i\^\4i\4i\ tO± \s\si\s\ a \7i \4i\4.i\4i\ fof \s\Si\s\3\ 



9000 Iht. 

foot. 



1^ « II S Si I Si t Si Si I S! |! S; S! 

\Si\ S \ B \ 9± \6-\si\S^\ a \si\ 9\B\9tW\^i\S\S\ 

Fig. 73. 

show their distances apart in feet, and those above the wheels 
show their weights in pounds for both rails of a single track. It 
IS seen that two coupled locomotives with their tenders cover 
about 105 feet in length, so that for bridges of this span or less 
no uniform live load is used. 

A typical locomotive is one which does not actually exist, but 
which is supposed to give as great or greater stresses than any in 
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use, or any which are likely to be built for some years to come. 
It is often specified that actual locomotives shall be used for the 
computation of stresses, but as the distances apart of the wheels 
are given in inches and fractions of inches, it is evident that a 
typical locomotive simplifies the numerical work. Of course a 
great variety of patterns of locomotives are in use and any of the 
heavier ones are liable to be specified by railroad companies to 
be used for stress calculations. 

Prob. 87. Find the uniform load per linear foot which will 
cause the same maximum bending moment in a beam of 20 feet 
span as the drivers of the above passenger locomotive. 

Ana. 5 1 20 pounds. 



Art. 60. Shears from Wheel Loads. 

For determining the maximum stress in a web member the 
train comes upon the bridge from the right until the head of the 
front locomotive stands near the panel point nearest to the right 
of the member. It will now be proved that the largest possible 
shear due to the live load occurs when the load on the panel is 

~th of the total live load on the bridge, m being the number of 

panels in the loaded chord of the truss. The demonstration 
applies to a truss with a single system of webbing, where the 
loads are carried by stringers to the panel points. 

Let Fig. 74 represent a passenger locomotive with tender and 
train on a bridge ; let x be the distance of the front of the train 

f r o m the 
right abut- 
ment, and a, 
b, ... A, the 
distances of 

Fig. 74. 

the loads, P^, 
P^y . . . P^ from the front of the train. Then, if the train load 
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per linear foot be w, the total live load on the bridge will be, 

Let/ be the panel length and m the number of panels, the span 
is then mp^ and the left reaction is, 

Ji = P, \ + P^ \ + .... + P^ \ + wx ^. 
* mp ^ ^ mp ^ mp mp 

Now, if the load P^ be at a distance 7 beyond the «th panel point 
from the right end, the shear for the member 5 will be this 
reaction minus that part of P^ carried to the point « + i by the 
stringers, or 

r = (p.^ + />.* + ... + pjt) J^ + (P, + p^ + . . . pj ^ 

+ — P -' 

' imp ' / 

Now, since x -\- a = np + JV we may insert for y its value in 
terms of x. To abbreviate, let P denote the entire locomotive 
load Pj + /^3 + . . . + Pg, and g denote the distance of its 
center of gravity from the front of the train ; then 

V= P ~ + P — + —- — Pr —^-1 ■-' 

mp mp 2mp ' p 

is the true live load shear for the member S. 

If the train advance the distance dx, the shear V receives the 

increment, 

/ P wx P\ 

dv= (-^ + -^---)^^, 

\mp mp p J 

and by equating this to zero we may find the value of x which 
renders V a maximum, providing that P^ thereby remains on 
the panel and that no other loads come upon it. Instead, 
however, of finding x we may equate the derivative to zero, and 

write 

P + wx 



m 



-Pr=0, 
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or in another form, since P + wx = W, we have the rule, 

P, = - W; 

that is, the shear is the largest when the load on the panel equals 
-th of the total live load on the bridge. This is the same result 

as found for uniform live load in Art. 56. 

Although in the above demonstration only one wheel has been 
taken on the panel the reasoning is general and the same con- 
clusion results, whatever be the number of loads supposed to be 
.there. In order to satisfy the condition one of the loads in 
general must come at n, so that, if necessary, a part of it 

together with the preceding loads on the panel may be — th of 
the total live load. 

For example, let each driver in Fig. 74 be 20 tons, each of 
the other wheels 8 tons, and there be no train following. The 
total load W is 88 tons. If the truss have 1 2 panels, the first 
wheel must be put at n, since 8 > |^. If it have 6 panels the 
second wheel P^ must come at n, since 8 < ^ and 8 + 8 > ^. 

This rule is easy of application, and the load being put in 
proper position the true shear is readily found. It is, however, 
often specified that the shear shall be computed by placing the 
first driver at the panel point, neglecting the part of the load 
transferred to the preceding panel point. The error of this 
method is almost always on the safe side. 

To illustrate, let the loads in Fig. 74 be 20 tons for the drivers, 
8 tons for each of the other wheels and 1.5 tons per foot for the 
train. Let the number of panels be 7, the panel length 10 feet, 
and let it be required to find the shear for the panel where n = $. 
By the above rule, if the second pilot wheel be at n, we find 
fF = 88 + 1.5 X 5 = 95.5, one-seventh of which is 13.6; as 
8 + 8 is greater than 13.6, this is the correct position for true 
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largest shear. The reaction for the loads in this position is, 

8 20 

R = -(5Si + SO + 2Z\ + 18^ + 13 + 8) + -(41+33) 

H r. = 407 tons, 

' 2 X 70 ^ ^ 

and the true shear hence is, 

V= 40.7 — 8 X -- = 36.3 tons. 

By the practical rule we place the first driver at «, and find 
the reaction to be 53.8 tons, which is also the shear. It hence 
appears that the practical rule often errs largely in excess. If 
it is merely specified that the * maximum stress ' shall be found, 
a bridge company usually prefers to use the exact method as 
less material is thereby required for webbing. 

Prob. 88. A truss of 80 feet span has 8 panels, each 10 feet 
long. Find the true live load shear for one of the panels 
caused by a single typical consolidation locomotive and tender. 



Art. 61. Moments from Wheel Loads. 

For finding the stress in any chord member the live load must 
be so placed that the bending moment with respect to the center 
of moments for the given member is the largest possible. Thus 
let it be required to find the position of the loads in Fig. 74, 
which will give for the point n the largest bending moment, and 
hence the largest stress for the upper chord above that point. 

Let P be the part of the load on the left of n, and g' the dis- 
tance of its center of gravity from n. Let «'^ be the distance 
from the left abutment to the point n, and the other notation as 
in the last Article. Then the bending moment at n is, 

M= R.n'p — P/g'. 

Inserting the value of R this becomes, 

\ mp ^ mp 2inp) ^ ^ 
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Now, if the loads advance a distance dx, x and ^ increase to 
X -^ dx and g' + dx, so that the increment of -Af is, 

(Pdx wxdx\ . ^. , 

\mp ' mp J ^ ' 

and equating this to zero, we have the condition for a maximum^ 
namely, 

that is, the load on the left of the section is ~th of the total 
live load on the bridge. Hence the load on the right of the 

section is — W. 
m 

Since n' is to z;^ as the distance on the left of the section is to 

the span, this condition shows that the loads are to be so 

placed that the weights on the two segments of the span are 

proportional to the lengths of those segments. To satisfy* this 

condition one of the wheels must in general be placed at the 

center of moments. 

For example, let it be required to find the greatest stress in the 

upper chord of a Warren truss whose span is 70 feet, panel 

length 10 feet, depth 12 feet, for the panel where « = 4, due to 

the locomotive in Fig. 73, without train load. Here P = W 

= 88 tons, m = 7 and «' = 3 ; then P' must equal -^ X 88 or 

37^^ tons ; to insure this the loads P^, P^ and P^ must be on the 

left of «, and P^ be at «, since 8 + 8 + 20 < 37^. The 

reaction is, 

g 
J? = — (62.5 + 57 + 30.5 + 25.5 + 20 + 15) 

20 
+ — (40 + 48) = 48.91 tons. 

The bending moment then is, 
M = 48.91 X 30 — 8 (22.5 + 17) — 20 X 8 = 991.3 tons-feet. 
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and finally, the stress for the upper chord is one-twelfth of 991.3 
or 82.6 tons compression. 

If the locomotive be followed by a uniform load or by a second 
locomotive, of course all the live load on the bridge must be in- 
cluded in the weight W, and in the determination of the reaction. 

The above demonstration applies to the unloaded chord of any 
single system truss, and also to the loaded chord for the Pratt, 
Howe and other types where the panel points of the upper chord 
are vertically above those of the lower chord. It does not apply 
to the loaded chord of trusses like the Warren, where all the 
web members are inclined. The rule for this case, which may 
be deduced by reasoning similar to the above, is the following 
Let /" be the load on the left of the given panel, Q the load on 
the panel, and W the total load ; let / be the length of the span 
and /' the distance of the center of moments from the left 
support ; then the load is to be so placed that 

This supposes that the center of moments is vertically over or 
under the center of the given panel, as is the case in all usual 
constructions. If the center of moments is horizontally distant, 
the amount g from the left end of the given panel, the rule is, 

where / is the panel length. For the Howe and the Pratt types 
^ equals zero, and this becomes, 

P^ =-lV=-W, 
I tn 

or the same as before found for the unloaded chord. 

Prob. 89. A deck Warren truss of 80 feet span has 8 panels, 
each 10 feet deep. Find the greatest chord stress for a panel of 
the upper chord due to a single typical consolidation locomotive 
and tender. 
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Art. 62. Tabulation for Locomotive Wheels. 

The numerical labor of computation of stresses is materially 
lessened by tabulating for each locomotive the various moments 
in the manner shown in Fig. 75. Only one passenger locomo- 
tive with its tender is here used, but the same method applies for 
two locomotives. The figure shows at a glance the weights and 
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Fig. 75. 

distances af)art of the wheels ; below each wheel on the hori- 
zontal line is shown the weight of that wheel together with the 
preceding ones and its distance from the front wheel, while on 
the vertical line is given 'the moment of the preceding wheels 
with reference to that wheel. Thus, for the second driver we 
have 56 tons for the weight of it and the preceding wheels, 22.5 
feet for its distance from the front wheel, and 476 tons-feet for 
the moment of the preceding loads. 

This diagram may be used for finding both reactions, shears 
and moments, and it will be found convenient to draw a skeleton 
outline of the truss to the same scale to b'^ placed directly above 
it in the proper position for maximum stress in each member. 
As in Art. 60, let P^, P^, . . . . Pg denote the wheel loads, at 
distances a, b, . , , . h from the head of the uniform train load, 
and let x be the distance from this point to the right abutment 
Then, if / be the length of the span, and w the train load per 
linear foot, the left reaction is, 

^ a + X r^ b + X ^ A + X wx' 

R = P. —J- + ^^ -7- + ••••+ ^8-7-- + -^- 
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This may be written, if P denote the sum P, -^ /!, + ... . /g, 
R = J(P,^ + p^^ + . . . . p^A + At + \wx') 

= 7(2 388 + 88;r + i^wscf"). 

Again, if the right abutment be at a point midway between the 
first and second wheels of the tender, we take the quantities 
I 008 and 64 from the diagram and have at once the reaction, 

je = - (i 008 + 64 X 2.5). 

Again, let us suppose that the last wheel of the tender must 
be put at a panel point /' feet from the left end to give a maximum 
chord stress. Then the reaction is found, the quantity 2 124 
taken from the diagram, and the maximum bending moment is 
Rl' — 2 124. The example in the next Article will further show 
the great convenience of tabulating the wheel moments as in 
F^g- 75- Particularly is this the case when the wheel distances 

are given in inches and fractions of inches. 

« 

Prob. 90. If the span be 100 feet and the first wheel be 15 feet 
from the left abutment, find the reaction for the loads shown in 
Fig. 75. Also when the first wheel is 50 feet from the left 
abutment. Also the moment for the center of the span, the 
value of X being 42 feet 



Art. 63. Stresses from Locomotive and Train Loads. 

It is required to compute the maximum and minimum stresses 
for a double track through Pratt truss of 140 feet span having 
7 panels, each 20 feet long, and 24 feet in depth. The dead load 
per linear foot is i 400 pounds or 0.7 tons, the live load a pas- 
senger locomotive and tender as in Fig. 75, followed by a uni- 
form train load of 3 000 pounds, or 1.5 tons per linear foot. 

A skeleton outline of the truss, on a scale of about 20 feet to 
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Pig. 76. 



an inch is first made, and near the edge of another sheet Fig. 75 
is drawn to the same scale, so that it may be placed at any point 
of the truss diagram. For all the inclined members the value of 
sec.^ is 1.302. 

It will be convenient to compute separately the stresses due to 

dead and live loads. No explana- 
tion will be necessary for the dead 
load stresses in view of the ex- 
amples already given in this chap- 
ter and the last. The stresses for 
the chords and diagonals will be the same whether all dead load 
be taken on the lower chord or a part on the upper, but those 
for the vertical posts will be greater if a part be taken on the 
upper chord. In the values given below 400 of the i 400 pounds 
per linear foot is regarded as on the upper chord. 

To find the position for maximum shear in Cc and Cd caused 
by the live load we lay the diagram of Fig. 75, so that the first 
pilot wheel is at d; the value of x for the uniform train load is 
4 X 20 — 50.5 = 29.5 feet and the total live load on the truss 
is 88 -f- 29.5 X 1.5 ^= 132.25 tons; since 8 < J-f2. this is not 
the correct position. If the second wheel be at d the load on 
the truss is greater than 132 tons and 16 is also less than one^ 
seventh of this. With the first driver at d the value of x is 
29.5 + 14.5 = 44 feet and the total live load is 88 + 44 X 1.5 
= 154 tons, one-seventh of which is 22 tons; 8 + 8 + 20 is 
greater than this, and hence for maximum shear in the panel the 
first driver comes at d. 

With the live load in this position, the value of the left 
reaction is, 



R= 7— (2388 + 88X44+1.S X-^X 44") =55.09 tons, 
140 



and the true maximum shear is equal to this reaction minus the 
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part of the load on cd which is. carried to r, or, 

8 
V= 5509 — — (145 + 9) = 45.69 tons. 

This shear is the live load stress on Cc, and multiplying it bv the 
secant 1.302 we have 59.5 tons for the live load stress on Cd, 

In the same manner the maximum live load stress for each of 
the other web members is found. The first driver will come at 
the panel point in all cases except for Ef, where the second pilot 
wheel should be placed at /. 

To find the position for maximum moment in cd we lay the 
wheel diagram on the truss, so that the first tender wheel comes 
at c ; the value of x\s^ then 81.5 feet and the total live load is 
Z"^ -\- 1.5 X 81.5 = 210.25 tons; the part of this on the left of ^ is 56 

CLC ft' 2 

tons, and -j = — = -; as 56 is almost equal to ^ of 210.25. 
ah m y '' ^ ' -^ 

this is the correct position for maximum moment. For this load 
the reaction is, 

R = (2 388 + 2,2>X 81.5 + 1.5 X i X 81.5=')= 103.87 tons, 

14.0 

and the bending moment for c is, 

M=^ 103.87 X 40 — I 008 = 3 146.8 tons-feet. 

Dividing this by the depth, 24 feet, we have 131.1 tons as the 
live load stress in cd. 

Similarly for the other chord members we proceed. For be 
the first driver stands at d, and for CD the last tender wheel 
stands at d. After a little practice the student will be able to 
place the live load in proper position at the first trial. 

The following are the dead and live load stresses for this 
example, from which in the usual manner the final maximum and 
minimum stresses may be obtained : 
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For the chords and end post, 







ab and be 


BCzxi^cd 


CD2JiAde 


Ba 






Dead stress 
Live stress 


35.0 
81.9 


58.3 
131. 1 


70.0 
154.6 


— 54.7 
— 127.9 




For the webbing, 






Bb 


1 
Cc 


Dd 


Be 


Cd 


De 


£/ 


Dead stress 
Live stress 


+ I CO 

+ 39-6 


— 18.0 
-457 


— 4.0 
— 25.8 


-1-36.5 
+ 90.9 


-I-18.2 
4-59-5 



+ 33.6 



-I-154 



i It is to be observed that for the panels near the end of the 
truss a greater chord stress may sometimes be obtained by allow- 
ing one or both pilot wheels to pass off the bridge, although it 
is not the case in this example ; thus, for ad, if the driver stands 
at 6y the condition of the rule in Art. 61 is fulfilled and the live 
load stress is 81.9 tons, but by putting the second driver at 6 the 
first pilot wheel passes off the bridge, the condition is also ful- 
filled, and we have the smaller stress 81.5 tons. It also some- 
times occurs that the condition of Art. 60 may be satisfied by 
different positions of the load. 

The maximum live load stress for the sub-vertical Bd is 
found by placing the drivers so as to bring the greatest load at 6. 
Since the live load stress for £/ or Dc is less than the dead 
load stress in Cd, no counters are theoretically needed except for 
the middle panel. 

If the specifications require the truss to be computed for two 
coupled locomotives, followed by a uniform train load, as is 
generally the case, a tabulation like Fig. 75 should be made for 
the wheels of both locomotives, and then the stress computations 
are pursued exactly as here illustrated. 

Prob. 91. Make a tabulation of moments, like Fig. 75, for two 
coupled typical passenger locomotives. 
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Prob. 92. A through Pratt truss, like Fig. ^6) has the same 
dimensions and dead load as in the above example. Compute 
the live load stresses caused by two coupled typical passenger 
locomotives, followed by a uniform train load of 3 000 pounds 
per linear foot. Find also the final maximum and minimum 
stresses for each member. 



Art. 64. Remarks on Double Systems. 

The preceding investigations for the largest shear and 
moment due to concentrated weights and wheel loads have in 
general been limited to a single system of web triangulation. 
We now point out the modifications and assumptions necessary 
when a truss has a double system of webbing. 

For the case of a single excess load (Art. 57) each web system 
may be separately computed, keeping the load at the head of 
the train and regarding the stresses in each system as due only 
to the loads which come upon it. For the chords the excess 
load should only be placed 

upon one of the systems, and jj—^^ — ^ — rr-^ 7r-\ ^r— 7r-4r-T 

preferably upon that which 

will render the chord stress 

the greater. Thus, for the 

deck truss in Fig. jy^ if it be 

required to find the stress for CD the single load should be taken 

at E; and in general it should be placed near that end of the 

member which is nearest the middle of the truss. 

For two excess loads (Art. 58), the same observations apply, 
but the first load may be on one system and the second on the 
other if the data so require. Thus the maximum stress in 
CD might be caused by one load at C and the other at F. 

For the shear and moment due to wheel loads the investiga* 
tions given and the rules deduced, in Arts. 60 and 61, apply only 
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to single systems. Here it will be best to use the practical rule 
for the shears, placing the first driver at the panel point and 
neglecting the portion transferred to the other system by the 
preceding floor beam. Each system is then to be regarded as 
acting independently of the other and carrying only the loads 
which rest upon it. As in Art. 5 1 the systems are to be divided 
symmetrically to the middle of the truss for dead load and 
unsymmetrically for the live load. For the chords it will prob- 
ably be best for short spans to place the locomotive in the middle 
of the truss, let it be both preceded and followed by the train, 
and then compute the stresses for this position, regarding each 
system of diagonals as carrying the loads which come upon it. 
The rule of Art. 61 might be regarded as approximately appli- 

cable to double systems, taking — for the panel point nearest the 

middle, but this in general will require much labor in finding 
the panel loads for the separate systems. 

Methods of replacing wheel loads by equivalent uniform loads 
are also in use, but these have the disadvantage that such loads 
do not give all the maximum moments correctly and that they 
generally give shears which are too small. 

Double systems are now not regarded with so much favor as 
formerly, and it has been found possible to use single systems for 
the longest spans by the use of sub-verticals to prevent long 
panel lengths. The indications are that single intersection 
trusses are the most economical, and certainly they are theoreti- 
cally the most scientific, since the true static stresses may be 
computed without ambiguity. 

Prob. 93. Let the double system deck Warren truss in Fig. TJ 
have 10 panels, each 12 feet long and 12 feet deep. Find the 
maximum stresses due to a dead load of i 200 pounds, a train 
load of 3 000 pounds, both per linear foot, and two excess loads 
48 feet apart each of 54 000 pounds. 
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Art. 65. Example of a Double System Truss. 

Let the double system deck Warren truss, shown in Fig. jjy 
have 10 panels, each 12 feet long and 12 feet deep, the dead load 
being i 200 pounds per linear foot, of which one-third is to be 
taken on the lower chord. The live load is a typical passenger 
locomotive, as in Fig. 75, followed by a uniform train load of 
3 000 pounds per linear foot. It is required to compute the dead 
and live load stresses in all the members. 

By the methods of Arts. 27 and 50 the dead load stresses are 
found, the values being as stated below. 

Diagrams of the truss and of Fig. 75 to the same scale are 
drawn as before explained. Without making and using these 
diagrams it will be difficult for the student to follow the 
numerical work below. 

To find the live load stresses in any web member we use the 
practical rule of Art. 64, and place the front driver at the panel 
points, neglecting the part carried by the stringers to the other 
system. For instance, to find the shear for De and Fe the first 
driver is put at F; then the panel loads at F, H and L will be, 

ir=8Xi^ + 20+20X-iV = 28.67 tons, 

H= 8 (tl + W + A + A) = 18.0 tons, 

Z = 1.5 X 12 = 18.0 tons. 

The reaction due to these is, 

R = 28.67 X iV + 18 X iV + 18 X iV = 21.54 tons, 

which is the shear for De and Fe ; multiplying this by the secant 
1 4142, we have 30.5 tons for the live load stress in these 
members. 

In like manner to find the stress for Ef and Gf we place the 
front driver at G, and have the panel loads G and AT as 28.67 ^^^ 
18.0 tons; then the reaction is 15.07 tons, and this is the shear 
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from which the live load stress is 21.3 tons, which of course is 
tension in Ef and compression in Gf. 

To find the chord stresses we place the locomotive so that its 
rear driver rests at F, and both in front and rear have the train 
load of 1.5 tons per linear foot. The panel loads for the two 
systems then are, 

^=18.0, Z)= 14.82, i^=28.33. ^=18.3, Z=i8.o, 
C= 17.23, £'=19.0, (7=15.33, K= 17.67, 

from which the left reaction for the first system is 48. 04 tons and 
for the second 34.85 tons. Now, to find the stress for EF^ 
we have, 

5' = 48.04 X 4 — 18.0 X 3 — 14.82 X I = 123.3 ^ons, 

5'' = 34.85 X 5 — 17.23 X 3 — 19.0 X 2 = 103.6 tons; 

whence EF = 123.3 + 103.6 = 226.9 ^^ns compression. 

In this manner are computed the following values, from which 
by addition the final stresses are found : 
For the diagonals, 





Ab 


Be 


Cd 


De 


Ef 


Dead stress 
Live stress 


+ 22.1 

+ 63.0 

— 0.0 


+ 17.0 

+ 51-3 
— 4.1 


+ 11.9 

+ 39-6 

— 8.1 


+ 6.8 

+ 30.5 
— 14.7 


+ 1.7 

+ 21.3 
— 21.3 





Fe 


Ed 


Dc 


Cb 


Ba 


Dead stress 
Live stress 


■ —34 
+ 14.7 
— 30-5 


-8.5 
+ 8.1 

— 39-6 


— 13-6 
+ 4.1 

— 51.3 


— 18.7 
+ 0.0 

— 63.0 


— 23.8 
+ 0.0 

— 77.2 



For the chords, 





AB 


BC 


CD 


DE 


EF 


Dead stress 
Live stress 


— 15.6 

— 34.9 


— 444 
— 112.9 


— 66.0 
- 1654 


— 80.4 
— 210.7 


— 87.6 
— 226.9 
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ab 


be 


cd 


de 


^f 


Dead stress 
Live stress 


+ 16.8 
+ 48.0 


+ 45.6 
+ "77 


+ 67.2 
+ 177.8 


+ 81.6 
+ 213.1 


+ 88.8 
+ 243.3 



Prob. 94. Check the values above given for several of the web 
and chord members and find the stresses for the end post Aa. 



Art. 66. Triple and Quadruple Systems. 

Triple systems are rarely used in modern practice and the few 

formerly built were of the Whipple 

type as shown in Fig. 78. The coni- ^ ^ ^^ 

putation of these is made in the same I \| Xi 

manner as for the double system, each ^^' '^ 

set of diagonals being supposed to act independently of the 

other two. 

The lattice girder, or quadruple Warren truss, as shown in 
Fig. 57, is more frequently built. To this the methods above 
explained for double systems likewise apply and the computa- 
tion of stresses is effected without difficulty and also without 
ambiguity, if only uniform live load be used for the chords. For 
instance, let such a through truss have a span of 204 feet, a 
depth of 25.5 feet and 16 panels each of 12.75 f^^t> the dead load 
per linear foot per truss being 0.4 tons and the live load i.o ton. 
(Let the student draw the figure.) 

To find the maximum chord stresses the live load covers the 
whole truss and the full panel load is 17.85 tons; the systems 
are divided symmetrically to the center of the truss in an analo- 
gous manner to Fig. 61. Then for the stress in the fourth paneL 
of the lower chord we l^ave by increments, 

S= 17.85 (1^ + 2+1+2+1+2+ i)Xi = 134 tons. 

Again, for the third diagonal tie, the dead load acts in th^. 
symmetrically divided systems and the live in the unsymmt^trical; 
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the dead panel load is 5.1 tons and the live 12.75 ^^^^ > ^^^^ 
^=[5.1 X2+I2.75(H + A + A + tV)]X 14142 = 46 tons. 

Thus are computed the stresses. The values for all members 
may be seen in Johnson's Cyclopedia, Vol. II., p. 155. 

Prob. 95. Find the maximum stresses for the the triple truss 
in Fig 78, the span being 240 feet, the number of panels 20, the 
panel length 12 feet, the depth 36 feet, the dead load per linear 
foot 0.5 tons and the live 1.5 tons. 



Art. 67. Unsymmetrical Trusses. 

The trusses of a skew bridge should be so placed that the 
floor beams may be at right angles to the trusses. This often 
brings the first panel point of one truss directly opposite to the 
second or third panel point of the other truss, so that the trusses 
are alike and the two halves of each are symmetrical. When 
the degree of skew will not allow this to be done unsymmetrical 
trusses are built. 

Fig. 79 represents the side elevation of an unsymmetrical 
through Pratt truss, together with a plan of the lower chords, 




Fig. 79. 



floor beams and lateral bracing. In the lower chord the panels 
between b and h are all equal as are also those in the upper 
chord between- C and G. The panels BC and ab are longer, 
while GH 3Xid /ik are shorter than the others. The inclination 
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of the end posts Ba and Hk is the same as the diagonals 
Cd, De, etc. BC and ab are usually made of the same length, as 
also GH and hk ; then the inclination of Bb is the same as that 
of Hh, The truss opposite the one shown in elevation is the 
same in form and dimensions, but its ends are reversed as seen 
in the plan. 

The stresses for such a truss are computed by the same 
methods as if the truss were symmetrical, although of course the 
inequality of the panels and loads makes the numerical work 
more laborious. The dead load at b should be one-half of that 
on ab plus one-half of that on bc^ and similarly for all other 
panel points. The stresses are to be computed for all the mem- 
bers throughout the truss, since members in the right hand part 
do not correspond to those in the left. 

Prob. 96. Let the dimensions for Fig. 79 be as follows: 
span = 146 feet;, depth = 24 feet, BC = ab=^ 22 feet loj inches, 
GH =z hk =^ 13 feet 7 J inches, all other panels = 18 feet 
3 inches. Compute the maximum and minimum stresses due to a 
dead load of 600 pounds (one-fourth on the upper chord), cmd a 
live load of i 700 pounds per linear foot per truss. 



Art. 68. The Lateral Bracing. 

The method of finding the wind stresses in the lateral bracing 
has been given in Arts. 42 and 47. This is in general made 
stronger than the wind stresses require, as it serves to stiffen the 
bridge laterally under the shock of moving trains. The wind 
stresses, however, are easily computed and may serve as a guide 
in proportioning the sizes of the members. 

The upper lateral bracing of a truss is almost universally made 
with diagonal ties and normal struts. In the lower bracing the 
floor beams act as struts and diagonal ties are inserted which 
need to be much larger than for the upper bracing, since 
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the wind pressure on the train is carried by the track di- 
rectly to them. 

As previously pointed out the stresses in the chords due to 
wind are not generally considered, but it is not logical that this 
should be the case. Art. 43 indicates that the limits of stress 
will be considerably increased by considering the wind, and this 
increase will be usually greater in railroad bridges. Further the 
initial tension produced by screwing up the lateral bracing brings 
stresses on the chords similar in character to some of those pro- 
duced by wind. It is, therefore, to be recommended that specifi- 
cations should require that maximum and minimum stresses due 
to dead and live loads should be modified by the wind stresses, so 
as to obtain the true greatest and least stresses possible under all 
combinations of conditions. 

Prob. 97. Find the wind stresses for the lateral system in 
Fig. 79 due to a horizontal wind pressure of 35 pounds per 
square foot on trusses and train, estimating the area of the 
trusses by the approximate rule in Art. 42 and taking the train 
surface as 10 square feet for each linear foot of bridge. 
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CHAPTER IV. 

MISCELLANEOUS TRUSSES. 

Art. 69. A Cantilever Arm. 

Let Fig. 80 represent a truss with horizontal chords fastened 
in a wall at one end and free at the other. Let it be of the 
Warren type, the panel length being p and the depth being d. 
Let the loads at each panel 
point of the upper chord be 
Pj, that at the end of the lower 
chord jPq, and that at each of 
the other lower panel points U k« 1^ 

P^. The stresses due to these i^iR- 80. 

loads are at once found by the application of the principles of 
Arts. 30 and 32. 

For instance, to find the stress 5 in the fifth diagonal : let d 
be the angle which it makes with the vertical, and let a plane be 
passed cutting it and the chords ; then the stresses 5, 5^, S^, hold 
in equilibrium the external forces on the left of the plane. Let 
each stress be supposed to be tensile or acting away from the 
plane toward the right. Then the algebraic sum of the vertical 
components of the stresses and loads on the left must vanish, or 

5 cos (? — P^ — 2/; — 2P^ = o 
^ = + (/'o + ^P, + 2P^ sec d 
In like manner for the fourth diagonal the stress is 

^ = ~ (^o + 2P. + PJ sec d 
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and here, as always, + denotes tension and — denotes compres- 
sion. The value of sec 6 is V\p^ + d'^jd. 

For any chord member the method of moments may be used, 
the center of moments being at the opposite vertex. Thus 

-s,xd^p^X2y-p^ (2P+P) - p, {i\p + i/) = o 

from which S^ is found to be tension and S^ to be compression. 
The method of increments may be also used to find the chord 
stresses, \pld being the value of tan d. 

In any particular case it is best to use the numerical values of 
the panel loads, instead of writing the equations in literal form. 
A cantilever truss of this kind is sometimes used as a crane, the 
weight to be lifted at the end being P^, or rather P^ minus the 
dead panel load at this point. 

f Prob. 98. A cantilever trilss of the Pratt type has five panels 
on the lower chord and four on the upper. Each panel load on 
both chords is P^ except the end one which is P^. 'Compute all 
the stresses. 

Art. 70. A Crane Truss. 

If the truss in Fig. 80 be arranged so as to revolve horizontally 
about the vertical axis AB it may act as a crane to move a heavy 
load P at the end, or if a traveller be arranged to run on the 
lower chord P may occupy any 
position on that chord. The 
maximum stresses due to P evi- 
dently occur when P is at the 
end apex, and they are readily 
computed by the methods of 
the last article. 

In Fig. 81 is shown a skeleton 
diagram of a crane truss for lift- 
ing a heavy weight P. The 
base Ec is movable on a verti- 
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cal axis so that the truss with its load may be revolved horizon- 
tally. The lower chord AE is evidently in compression while 
the upper chord ae is in tension. The stresses in the chord 
members due to the load Pare readily obtained by moments after 
their lever arms have been found ; it will in general be best to 
measure these on a diagram drawn to a large scale. For the web 
members the method of resolution of forces is perhaps prefer- 
able, the angle which each makes with the vertical being also 
measured on the drawing. 

As an example let the lower chord apexes be on a quadrant 
of a circle whose radius is 1 5 feet. The quadrant AE is divided 
into four equal panels, and on each of these the webbing forms 
the equilateral triangles AaB, BbCy CcD, and DdE. To find 
the stress in be, the center of moments is taken at C, and the 
lever arms of be and P being 4.37 and 10.57 feet, the equation is. 

5 X 4.37 — P y. 10.59 = o whence 5 = + 2.42P 

For the web member Aa the angle aAB is 60** and BAP is 
78f ** ; hence by resolution normal to AB, the equation results 
5 X sin 60° — P COS iij° = o whence 5 = -f 1.13/I Taking 
this stress acting at a the unknown stresses in aB and ab 
may also be obtained by resolution. 

The stresses for this curved structure may be more readily 
obtained by the graphic method of Part II, but it is always 
advisable to check a few of them by computation. The stresses 
in the upper chords are 

+ 1.31P, + 2.42P, + 3.i6Pand + 3.43^; 

those in the lower chords are 

— 0.77P, + 2.18P, — 3.25Pand -- 3.84P; 

« 
and those in the webbing are 

+ 1.13P, — 1.43P, 4- 0.67P, — 1.5 iP, + 0.09P, — 1.35/, 

— 0.49/^, and — i.ooP. 
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It is thus seen that only three web members are in tension. To 
these stresses are to be added those due to the dead load of the 
truss itself, but these are generally small since P is often larger 
than ten or fifteen tons. 

Prob. 99. Compute the stresses in several members of Fig. 81, 
taking P as 20 000 pounds. 



Art. 71. A Simple Drawbridge. 

Fig. 82 shows one-half of a drawbridge, which is formed of 
two simple spans, each having an inclined upper chord. At Cis 
an engine resting upon a small tower by which tension can be 




Pig. 8a. 

brought upon the two members CU^ so as to lift the ends from 
the abutments. When thus lifted each span is a cantilever arm 
and the entire structure is revolved around the center pier so as 
to permit the passage of vessels. When revolved back into 
place the tension in CU^ is relaxed and each span is then a single 
bridge. 

Let the truss be of the Pratt type, 75 feet in span and having 
five equal panels on the lower chord. Let the depth LJJ^ be 17 
and the depth LJJ^ be 20 feet. Let the dead load per panel per 
truss be 6 ochd pounds, of which three-fourths is on the lower 
chord, and let the live panel load be 16 000 pounds, all on the 
lower chord. The dead panel load for each upper chord apex is 
then I 500 pounds, and for each lower chord apex 4 500 pounds. 
When the bridge is open the panel load at L^ must be taken into 
account; this panel load is 2 250 pounds 
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When the bridge is open the broken diagonals do not act. 
The center of moments for the lower chord LM^ is at U^ and it& 
lever arm is 1 8 feet ; hence 



X a 



— L^L^ X 18 — 2 250 X 30 — 6 000 X 15 = o 

A^a = - 8 750 

and in a similar manner LJ^^ is found to be — i 990 pounds. 
For the upper chord UJJ^ the center of moments is at L^ and 
its lever arm is the perpendicular dropped upon from L^ ; by 
similar triangles this is found to be 17.89 feet; then 

^2^3 X ^7-^9 — 2250 X 30 — 6000 X 15 = o 

f/,C/;= + 88oo 

and in a similar manner all chord stresses for the cantilever are 
found. 

To find the stress for the diagonal L^ C/ the principle may be 
used that the sum of the horizontal components of the forces at 
Zj must vanish, thus let d be the angle UJ^JJ^^ then sin d = 
0.64, and 

LJJ^ sin d — 8750 + I 990 = o LJJ^ = + 10560 

To find L^(/j the sum of the vertical components of all the forces 
at Zj must vanish, or 

Z,t/ + 10 560 cos — 4 500 = L^l/^ = — 3 640 

Another method of finding the diagonal stresses is by mo- 
ments, taking the center of moments at the point where the 
chords meet when produced. This point is 240 feet to the left 
of L^ and the lever arm of Z^C/^ is 255 feet. Then 

Z,t/ X 255 + 2250 X 240 + I SCO X 255 = o 

L^r/^ = — 3620 

which agrees within 20 pounds, the error being due to neglect of 
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decimals. ¥ or L^U^ the lever arm is, by similar triangles, 195.89 
feet, and then 

— L^U^X 195.89 + 2 250 X 240 + 6 CXX> X 255 = o 

L^U^ = + 10 570 

In a similar manner all stresses for the case of bridge open 
may be computed and checked. 

When the bridge is closed the stresses are computed by the 
methods of Chapter III, the load being placed in proper position 
to give the maximum stress in each member. (Arts. 30 and 32.) 
Then, remembering that the live load can act only when the 
bridge is shut and that the dead load must act whether it be 
open or shut, the final maximum and minimum stresses are 
easily found ; thus. 





A^, 


^^^. 


L U 


A^x 


A^x 


Dead load, open, 
Dead load, shut. 
Live load. 


— 8750 
+ 10590 
-f 28 240 


+ 2 000 

— 10 640 

— 28 370 


+ 10 560 


+ 8350 


— 3640 

+ 4 500 

+ 16 000 




+ 6670 

+ 22750 


Max. stress, 
Min. stress, 


+ 38 730 
-8750 


— 39010 
+ 2 000 


-j- 10 560 



+ 20 500 
— 3640 


-f 29420 




It is thus seen that the chords must be proportioned for both 
tension and compression. 

The usual type of drawbridge is not that of Fig. 82 but the 
chords are continuous over both supports. The discussion of 
these is reserved for Part IV. The Arthur Kill drawbridge on 
Staten Island, N. Y., built in 1889, and 496 feet long, has each 
span a simple truss; see Railroad Gazette, June 22, 1888. 

Prob. lOD. Compute the stress in the member CC/ , taking the 
angle of inclination as 45 degrees. 

Prob. 10 1. Compute the reaction at L^ and the stress in -^jf^^ 
when the bridge is open, taking the inclination of CU^ as 45 
degrees. 
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Art 72. The Pegram Truss. 

Fig. 83 shows the Pegram truss which is a form with a curved 
upper chord, the webbing near the middle being like the Pratt 
type and that near the ends Hke the Warren type. The lower 




chord has an odd number of panels, all of the same length. The 
upper chord has the same number of panels, all being equal in 
length but shorter than those in the lower chord. The upper 
chord apexes are on an arc of a circle through a and A, the tops 
of the end struts ; the distance ah is about one and one-half 
panel lengths shorter than the span while the rise of the circle is 
such as to make the posts Bb, Cc, Dd, nearly equal in length. 
The counter-ties are shown by broken lines. For details of this 
truss see Engineering News, Feb. 14, 1891. 

The computation of stresses for given loads is readily effected 
by the application of the principles of the preceding chapters. As 
an example let the span be 140 feet, divided into seven panels 
on the lower chord, each 20 feet in length. Let the distance ah 
be 1 1 2 feet. The horizontal distance of each upper chord apex 
from A^ and its vertical distance above the lower chord, are as 
follows, all in feet : 

abed 
Horizontal distance from ^, 14.00 29.66 4577 62.17 
Height above lower chord, 16.80 21.95 25.39 27.10 

Let the dead panel load be 20000 pounds and the live panel 
load 36 000 pounds, both on the lower chord. Then the follow- 
ing are the final maximum and minimum stresses in pounds : 
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For the lower chords . 





AB 


BC 


CD 


DE 


Maximum 
Minimum 


+ 138000 
+ 49 200 


+ 201 600 
-j- 72 000 


+ 234000 
+ 83600 


+ 248 000 
+ 88 600 



For the upper chords : 





ab 


be 


cd 


de 


Maximum 
Minimum 


— 184000 
— 65 600 


— 236 800 
— 84 600 


— 252 400 
— 90 200 


— 248 000 
— 88600 



For the web ties ; 





Ba 


Cb 


Dc 


De 


Cd 


Maximum 
Minimum 


+ 116 500 
+ 41600 


+ 81 100 
+ 25 200 


+ 58300 


+ 37200 



+ 28400 




For the web struts : 





Aa 


Bb 


' Cc 


Dd 


Maximum 
Minimum 


— 217 500 
— 77 600 


— 76900 

— 21 200 


— 37 200 
— 2600 


— 24000 




This truss is theoretically an economic one like the Post truss 
(Art. 55) which it resembles except in the curved upper chord. 
On account of this curvature it presents to the eye a graceful 
appearance. 

Another form of truss with inclined or curved chord is that 
shown in Fig. 100, and sometimes called the Pettit truss. The 
webbing is similar to that of the Baltimore truss, and all the panels 
of the upper chord, except the middle one, are usually inclined. 
The longest simple truss erected prior to 1893 is of this type; 
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M 



-♦-«• 



see Transactions American Society of Civil Engineers, August, 
1890. 

Prob. 102. Check several of the stresses given above for the 
Pegram truss in Fig. 83. 

Art. 73. A Trussed Bent. 

The simplest case of a tower truss is that of a simple bent 
placed in a vertical plane at right angles to the Hne of the bridge 
and braced as shown in Fig. 84. The load 
brought upon the two columns of the 
bent by the bridge is represented by P and 
P at the points A and A* . The resultant 
wind force brought upon the "bent from 
the train and bridge trusses is H which 
acts at a distance // above the top of the 
tower. The angle of inclination of each 
of the columns to the vertical will be 
called d. The horizontal members AA\ 
BB\ etc., are arranged to take either ten- 
sion or compression, while the diagonals 
can take tension only. Let the heights 
of the stages or panels be h^, h^, etc., the 
widths of the bases of these panels be ^,, 
b^, etc,, and let the dead load at each of the apexes B, C, D, etc., 
be «/j, w^, etc. It is required to determine the stresses. 

It will be convenient to deduce first the stresses due to the 
vertical loads. Since the diagonals cannot act under a symmet- 
rical vertical load, the weight at any apex is decomposed directly 
into the direction of the column and the horizontal brace ; thus, 

AB = A'B' = — Psec d AA' = — Ptan 

BC= B'C = —(P+ w^) sec BB' = — ze/, tan /? 

CD = CD' = — {P J^ w^ + w^ sec d CC = — w^ tan 9 

which are the stresses from the vertical loads, all being com- 
pression. 
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To find the wind stress in any column let it be cut by a hori- 
zontal plane and let the center of moments be taken at the oppo- 
site vertex ; thus for BC the center is at B^, while for B'C^ is at 
C, Then the equations give the following values of the stresses 
due to wind: 

AB= + ff^ sec d 

b 

A'B' = — H^-:tAisecd 

BC= + H^J^ seed 

K 

B'C = - H^-±JL^AA sec 9 

K 

CD' = -H i+Ail^aJj^a sec d 

from which it is seen that the effect of wind is to increase the 
compression in the column on the leeward side and to diminish 
it on the windward side. 

For the horizontal struts it is best to use the principle that the 
sum of the horizontal components of the stresses in a section 
and the forces above it must vanish ; thus for BB' a plane is 
passed cutting it and -ffCand A'B\ then H— BC sin d + A'B' 
sin e + BB' = o, or 

BB' = — H+ 2H^L±JbL tan d 

CC = - H + 2H ^ _ +K^ K tan 

K 

These may be checked by moments, taking the center of mo- 
ments at the point where the columns meet when produced. 

For the diagonals the method of resolution of forces is also 
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the best. Let 0^, 0^, etc., be the angles of inclination of BA* , 
CB'y etc., to the vertical. Then for BA' the sum of the vertical 
components of the stresses AB, BA\ A^B' must vanish, or 

BA^ cos 0^ + AB cos + A'B' cos (? = o 

^^' = + ^ (H" - 1) ^ *• 

and similarly all the diagonal stresses due to wind are found. It 
will be best to compute these direct from the given data rather 
than to use the formulas here deduced. 

As a numerical example suppose that the bent in Fig. 84 sup- 
ports one-half a bridge span 60 feet long which weighs 600 
pounds per linear foot and carries a live load of 3 000 pounds 
per linear foot. Here /^ -- 9 coo pounds for the unloaded bridge, 
and P= 45 000 pounds due to live load. Let w =■ i 000 pounds 
for each apex. Let the width of the bent at top be 1 3 feet and 
at the base 1 5 feet, the four panels being each 1 5 feet in neight 
Here b = 13, 6^ = 13^, 6^ = 14, d^ = 14^, and 6^ = 15 feet; 
also h^ = A^ =z h^ = A^= 15 feet. Then tan = -^y and sec 
= 1.0005s which may be called unity; also for the diagonals, 
sec 0^ = 1.334, sec 0^ = i-357> sec 0^ = 1.384, and sec 0^ = 
1.402. Let the resultant wind force be 12 000 pounds acting at 
a height of 6 feet above AA' \ thus // = 12 000 pounds and k 
== 6 feet. Then the stresses duef to both vertical loads and wind 
are as follows, in pounds : 

For the columns : 





AB 


BC 


CD 


DE 


Dead load, 
Live load. 
Wind on left. 
Wind on right. 


— 9 000 

— 45 000 
+ 5500 

— 18 700 


— 10 000 
45000 

+ 18700 

— 30900 


— 1 1 000 

— 45000 
+ 30900 

— 42 200 


— 12 000 

— 45 000 
+ 42 200 

— 52 8co 


Maximum 
Minimum 


— 72 700 
3 500 


— 85 900 
+ 8 700 


— 98 200 


— 109 800 
-f 30 200 
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For the braces : 





AA' 


BB' 


ca 


DD' 


Dead load. 
Live load. 
Wind, 


— 300 

— I 500 

— II 800 


30 


— 10750 


— 30 


—9940 


— 30 



— 9180 


Maximum 
Minimum 


— 27 100 
— 300 


— 10780 
— 30 


—9970 
— 30 


— 9210 
— 30 



The stresses in the diagonals are due only to wind, thus, 
BA' = + 17600, CB' = + 16600, DC == + 15600, and 
£D^ = + 14900 pounds. 

It is seen that the stresses in the columns increase downwards 
while those in the webbing slightly decrease. The stresses for 
A'E^ are the same as for AE, and the stresses in the broken 
diagonals are the same as the full ones when the wind blows 
from the opposite direction. Under vertical loads the diagonals 
have no stress, unless it be that due to initial tension and this 
will somewhat increase the compression in the columns and 
braces. 

Prob. 103. Given a trussed bent like Fig. 84 having three 
panels or stages, each 18 feet in height. Let the base be 18 
feet in width and the top i6 feet. Let Phe 20000 pounds for 
dead load and 80 000 pounds for live load, and let whe \2 000 
pounds. Let // be 1 5 000 pounds acting at 6 feet above the top. 
Compute the maximum and minimum stresses. 



Art. 74. A Trussed Tower. 

The stresses in a braced tower having four inclined columns 
are found by an extension of the preceding principles, the 
resolution of forces being made in space instead of in a plane. 
Let Fig. 85 represent such a tower with two stages, the top 
having the width a and the length d, while the base has the 
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width a^ and the length b^. Let heights of the stages be h^ and 

h^y and let P be the vertical load at 

the top of each column, and w that 

at B, B\ ^" and 5'". Let H be 

the resultant horizontal wind load 

parallel to A* A, and let h be its 

height above the top of the tower. 

The vertical load P a.t A is re- 
solved into the three directions AB, 
AA^, AA^' by the parallelopipedon 
of forces. Let be the angle which 
AB makes with the vertical and fi 
the angle which the horizontal pro- ^i«- ^s- 

jection of -^C makes with CO, then the three stresses are, 

AB = — PsGc d, AA' = — Ptan d cos ^, 

AA'' = —Ptand smi3 

Also at -ff a similar resolution gives, 

BC= — (P+ zv) sec d, BB' = — «; tan ^ cos ^, 

BB'' = —wtdind sin ^ 

Here the value of ji is found from tan ^ = v^i — ^)/(^i ~ ^)r 
and the value of tan d is found by dividing the square root of 
i(a. - ay + i(^. - dy by //, 

When the wind blows parallel to A^A the force H acts upon 
the truss AC(7A\ bringing the diagonals AB^ and BC^ into 
action. The stresses due to H can be closely found by the 
methods of the last article, the actual distances in the plane of 
the truss between 6 and 6^ and between ^^ and d^ being taken in- 
stead of the vertical heights /i^ and /i^. 

Let it be required to find the stresses in the columns and top 
struts when ^ = 6 feet, a^ = y feet, b = 12 feet, ^^ := 14 feet, 
h^ z= h^= 15 feet. Let P be 20 000 for dead load and 80 000 
pounds for live load, let tv = i 000 pounds, and // be 1 5 000 
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pounds acting at 5 feet above the top. Here /? = 26**34' and 
d == 2**o8'. The stresses are then as follows, each being given 
only to the nearest hundred pounds : 





AB 


BC 


AA' 


AA'' 


Dead lead 
Live load 
Wind east 
Wind west 


— 20000 

— 80 100 
+ 5700 

— 21 500 


— 21 000 

— 80 100 
+ 21 500 

— 35000 


— 700 

— 2700 

— 3500 

— 3500 


— 300 

— I 300 






Maximum 
Minimum 


— 121 600 
— 14300 


— 136 100 
+ 500 


— 6900 
— 700 


— I 600 
— 300 



It is seen that the influence of the batter of the columns is so 
slight that they maybe regarded as vertical in computing the 
stresses. The truss A CCA'' will be stressed only under the 
action of wind blowing obliquely, an exact analysis of which is 
scarcely possible. 

Prob. 104. Compute the stresses in the members BB', BB''^ 
AS' and BA', of Fig. 85, for the above data. 



Art. 75. A Ferris Wheel with Tensile Spokes. 

Let Fig. 86 represent a small Ferris wheel of six segments 
supported at the hub and carrying six equal loads at the six 
comers. Let the spokes be so made that they can take tension 

but not compression. When the wheel is in 
the position shown in the figure the two sides 
are equally and symmetrically strained, and 
there are seven stresses to be determined. 
But Sj the stress in the upper vertical 
spoke must be zero, since it receives stress 
only from the load. at a and the tendency 
of this is to produce compression. 

By resolving the forces at each apex 
into their horizontal and vertical com- 
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ponents six conditions are found for the determination of the six 
unknown stresses. Regarding each stress as tensile, and thus 
acting away from the apex, these conditions are, 

^t a, P + 25, cos 60° + 5j = o 

P— S^ cos 60° + 5, cos 6cf + S, = o 
at*, ^ * 

S^ sin 60** + S^ sin 60° = o 

P -\- S. cos 60*" — 5^ cos 60° — 5, = o 
at^, K 

5 sin 60° + ^6 s^^ ^° = o 

dXdy P — 2S^ COS 60° — 5^ = o 

Now since 5, = o, the solution of these equations gives the 
following values for the stresses in the spokes, 

S^=+P. S,= + iP, S^ = +4/^, 

and the following for the stresses in the segments of the rim, 

The greatest stresses are thus in the lower part of the wheel, 
and all the segments of the rim are in compression. 

The method of analysis here indicated may be extended to 
similar wheels with any number of tensile spokes. The great 
Ferris wheel built at Chicago in 1893 had 36 tensile spokes, but 
the rim consisted of two chords connected by webbing. See 
Zeitschrift fiir Bauwesen, 1894, for graphic methods of finding 
the stresses in such wheels. 

Prob. 105. Compute the stresses in a Ferris wheel with eight 
tensile spokes. 

Art. 76. A Bicycle Wheel with Tensile Spokes. 

Carriage and bicycle wheels are frequently built with tensile 
spokes in order to secure lightness. Let Fig. 87 be such a wheel 
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with eight spokes, having a load Wst the hub and acted upon 

by the equal reaction Wfrotn the ground 
at e. Then the stress ^S*^ is zero, and 
eight conditions are necessary to deter- 
mine the stresses in the eight other mem- 
bers. Let represent one-half the angle 
between two spokes, or in this case 
== 22^°. Then the forces at each apex 
are to be resolved into components par- 
allel and normal to the spoke ; thus, 

at a, 




at 6, 



at c, 



5", + 2S^ sin ^ = o 

S^ sin + S^ + S^sin = o, 

S^ cos — S^ cos = o 

S^ sin ^ + 5^ + 5*5 sin ^ = O, 

S^ cos — 5*5 cos = o 

5g sin + Sy + S^ sin = o 

— 5^8 cos = o 
S^+ IV+ 2^8 sin :=o 

Placing 5^ =: o and solving these equations, the stresses in the 
spokes are, 



at d, 



at e, 



S^ cos ^ — w»8 



s, = + w, ■ s^=+w, s^ = + w, s^ 

and the stresses in the segments of the rim are, 

IV ^ W 

2 sm V 



= -\- W 



s, = - 



* 2 sin 0" 



Se = 



W 



2 sin 6 



s,= 



w 



2 sin 



It thus appears that all the spokes except S^ have the same 
stress, as also all the segments of the rim. 
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It will be seen upon reflection that the above formulas are 
applicable to any wheel whatever be the number of spokes, the 
tensile stress in each spoke being W, and the compressive stress 
in each segment of the rim being W/2 sin ft The stress in the 
rim hence increases with the number of spokes, since ff decreases; 
thus for 8 spokes ff = 22^ and the compressive stress in the rim 
is i.^oylV; for 16 spokes ^ = 1 1 J and the compressive stress is 
2.563!^ In all cases the stresses are independent of the radius 
of the wheel. 

Prob. 106. Find the stresses for the bicycle wheel of Fig. 87 
when it is turned so that the member ad is horizontal. Also 
compute the greatest stresses for a bicycle wheel with 1 2 spokes, 
when the load ^F is 100 pounds. 
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CHAPTER V. 

DEFLECTION AND INTERNAL WORK. 

Art. jj. External and Internal Work. 

The external work performed upon any bridge truss by a 
single load increasing uniformly from o up to P, is equal to \P 
multiplied by the deflection J which occurs under the load ; for 
the mean force \P is exerted through the distance J. Thus the 
external work of a single load is \Pd, 

The external work performed upon any bridge truss by sev- 
eral loads, P„ P3, P^, etc., which deflect through the distances 
Jj, J^, J^, etc., is the sum of the partial works, or, 

A-^-K^.J. + 7',J. + />3J3 + etc.) 

is the total external work of all the loads. 

The internal work of the resisting stresses in a truss is the 
half-sum of the products obtained by multiplying the stress in 
each member by its change of length. For, if the stress in any 
member increases from o up to 5, as the load is gradually ap- 
plied, and if X^ be the total change in length thus produced, then 
\S^^ is the internal work in that member. If 5^, S3, etc., be 
stresses in other members, and X^, ^3, etc., be the corresponding 
changes in length, then 

K=\ (5./. + SX + 5,^, + etc.,) = \ISX 
is the total internal work in the truss. 

The stresses 5„ 5^, etc., caused by the given loads may be 
computed for any given truss by the methods of the preceding 
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chapters. Let the lengths of the members be /,, 7^,, etc., and the 
areas of their cross-sections be A^, A^.etc, Let E be the coeffi- 
cient of elasticity of the material, which will be taken as the 
same for all members. Then, from Art. 5 of Mechanics of 
Materials, ^J^ ^J^ 

and thus the above expression becomes, 

which gives the total internal work in the truss. 

For any existing bridge the lengths and cross-sections of the 
members may be found by actual measurement, and thus the 
internal work can be determined after the stresses have been 
computed. The above expression is, however, mainly of use in 
finding the deflections of trusses, the method for which will be 
explained in the following articles. 

Prob. 107. How many foot-pounds of work are required to 
stress a bar from o up to 12 500 pounds per square inch, the 
length being 30 feet, the cross-section 8 square inches and E = 
30 CXX) 000 pounds per square inch ? 

Art. 78. Deflection under a Single Load. 

Let a single load P be on the bridge truss and let J be the 
deflection beneath it ; the external work is \PA and this must 
be equal to the internal work of all the resisting stresses in the 
members. Hence ^Pd is equal to the expression given in the 
last formula in the last article, or, 



'^ PE\ A^ ^ A^ ^ ^^^7 "" PI 



PE^ A 



is the deflection due to the single load P, no other loads being 
on the truss. 
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As an example take the king post truss in Fig. 88 whose span 
is 1 6 feet and depth 8 feet, the cross-section of the struts being 
8X8 inches, and those of the tie and lower chord 6x6 inches. 

It is required to 
find the deflec- 
tion due to a 
load of 1 2 GOO 
^»K- M. pounds at the 

middle, taking the coefficient of elasticity for timber as i 500000 
pounds per square inch. The computation is as follows: 





Member. 


S 
pounds. 


I 
inches. 


A 
square inches. 


A 


Tie 
Chord 
Strut 
Strut 


I2 000 

6000 
8490 
8490 


96 
192 

135-7 
135-7 


36 
36 

64 
64 


384000000 
192000000 
153000000 
153000000 




A 


' • • 


• • 


882000000 



Thus 882 000000 is the value of ^S^l/Ay and then 



A 



882000000 



12 000 X I 'lOOOOO 



~ 0.049 inclies. 



which is the deflection at the middle due to the single load. 
Usually however the deflection due to several loads is required 
and this case will be discussed in the next article. 

Prob. 108. A through Warren truss of four panels has a 
single load P at the middle and all its members have the same 
cross-section A, If the panel length is p and the depth of the 
truss \p, show that the deflection at the middle is 

/- PP 

(II+2V2)^^. 



Art. 79. DEFLECTION UNDER FULL LOAD. 1 39 

Art. 79. Deflection under Full Load. 

The deflection of a bridge truss is usually required under the 
condition of full live load. If this be uniformly distributed over 
the bridge the greatest deflection will be at the middle. By the 
following method, however, the deflection at any point may be 
obtained. 

The given load being placed in position upon the truss the 
stresses 5^, S^y etc., in the several members are to be computed 
by the methods of the preceding chapters. Now let a single 
load Q be imagined to be at the point whose deflection is to be 
obtained. Let ?^^y?^^y etc., be the changes of length caused by the 
stresses due to Q. Then at the point under consideration the 
external work is ^QJ, if ^ be the deflection; also the internal 
work due to Q is ^5,^, + ^S^X^ + etc. Hence, 

QJ =. S,X^ + 5A + etc. = ISX 

is the fundamental equation for finding the deflection. Now let 
T^, T^, etc., be the stresses in the several members due to the 
load Q; the lengths of these members being Z^, 4, etc., and the 
areas of their cross-sections A^, A^, etc. Then the changes of 



length due to Q are. 














K== 


A^S 


etc. 


and the above expression becomes. 








Q£\ A, 




+) 


I 

^ QE 


577 

^ A 



and this a general formula for finding the deflection at any point 
of a truss, in which Q may have any value, it being generally 
assumed as one pound. 

To apply this method to the king post truss discussed in the 
last article, let the total load at the foot of the vertical tie be 
12 000 pounds as before. The stresses 5 due to this load 
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are found for each member and also the stresses T^due to a load 
of I pound at the middle. The computation is then as follows: 



Member. 


S 
pounds. 


T 
pounds. 


/ 
inches. 


A 
square inches. 

• 


STl 
A 


Tie 
Cliord 
Strut 
Strut 


-fI2000 

-t- 6000 

— 8490 

- 8490 


— I.O 

+0.5 
-0.707 

—0.707 


96 
192 

135.7 
135.7 


36 

36 
64 
64 


+32000 
+ 16000 
+ 12700 
+ 12700 




ST/ 


. . 


• 


. • < 


73400 



J = 



73400 



= 0.049 inches. 



I 500000 

This agrees with the result previously found in the last article, 
but the method here given has the merit of being appUcable to 
any point of a truss loaded in any manner. 

Prob. 109. The Howe truss in Fig. 69 has a load P at each 
lower apex, the panel length being / and the depth d; all the 
members have the same cross-section A, Show that the deflec- 
tion at the middle is 

J = (108^ + 8*^+8^-5,—)-^, 
and that the deflection at apex 2 is 



^ = (77ja+6rf + 6 



(/^ + ^^)«\ P 



d^ lAE' 
Art. 80. Example of a Bridge Truss. 

It is seen from the last article that the deflection of a truss 
cannot be computed unless the areas of the cross-sections of all 
the members are known. If the truss has been built these may 
be measured, and the deflection be found for assigned loads. If 
the truss is one to be built, the cross-sections will be found during 
the 'process of design by the methods of Part III, and then the 
probable deflection may be ascertained. 
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t/sso 



^SOO 450O 4500 

Fig. 89. 



I 



ti2S0 



As an example, let it be required to compute the deflection at 
the middle of the Warren truss shown in Fig. 89, due to a dead 
load of 450 pounds per linear 
foot. The length of the span 
is 60 feet, each panel being 
10 feet and the depth also 10 
feet. The areas of the cross- 
sections of the members are as given in the second column 
below. It is required to compute the deflection at the middle 
of the truss. 

First the stresses due to the given load are computed for each 
member and arranged in the second column. Then the stresses 
due to a load of one pound at the middle are found and placed in 
the third column. On account of the symmetry of truss and load 
it is only necessary to take one-half the truss, writing for the 



1 


S 


T 


/ 


A 


ST/ 


Member. 


pounds. 
-|- 5620 


pounds. 


feet. 


sq. inches. 


A 


Chord I 


+ 05 


10 


3.6 


+ 7800 


2 


— II 250 


-— i.o 


10 


20.0 


-f. s6oo 


3 


+ 14630 


+ 1.5 


10 


9.0 


4- 24400 


4 


— 18000 


— 2.0 


10 


20.0 


+ 18000 


5 


+ 19 130 


+ 2.5 


10 


12.0 


4- 39800 


6 


— 20 250 


3.0 


1 1.2 


20.0 


+ 34000 


End post 


— II 250 v/j 


— o.s^f" 


11.2 


20.0 


4-3900 


Brace i 


-f- 11250^1 


+ o.5v/r 


i:.2 


IC.4 


4- 7 600 


2 


— 6750v/r 


— o.svT 


• II. 2 


1 0.0 


4-4700 


3 


+ 6750VT 


+ o-5vT 


11.2 


7.1 


+ 5300 


4 


— 2 250v/{ 


— o-5%/F 


11.2 


6.0 


4- 2600 


5 


-f 2 250 s/i 


+ o-5>/i' 


1 1.2 


5-2 


+ 3000 




, ^STl 












is-^- . 


• 


1 • 


• 


4- 156700 



middle panel of the upper chord one-half its length instead of 
the whole length. The truss being of wrought iron its coefficient 
of elasticity may be taken at 25 000 000 pounds per square inch. 
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Then, remembering that / should be in inches, 

2 X 12 X 156700 . , 

^ = ^^ r.r^r.r^ = o. 1 5 mches, 

25 000000 -^ ' 

which is the deflection due to the given dead load. If the live 
load be 4 times the dead load, the static deflection due to the live 
load will be 4 X 0.15 = 0.60 inches. 

The preceding method is due to Lame, and was subsequently 
developed by Maxwell and by Winkler. Its first publication 
in the United States was by Swain in the Journal of the Franklin 
Institute in 1883. It is, however, usually found that the actual 
deflections are somewhat greater than the computed ones, owing 
to looseness of joints, an element which of course cannot be 
taken into account theoretically. 

Prob. 1 10. Compute for the above data the deflection at the 
first panel point. (Note that when S and T have opposite signs 
their product is negative.) 

Art. 81. A Cantilever Arm. 

By the above method the deflection of the end of a cantilever 
arm is readily computed. For example, let the steel cantilever 

crane in Fig. 90 be 35 feet long 
and 5 feet deep. Let the load 
P^ be 20 000 pounds, and each 
|a |/v p, of the other loads be 1 000 

^«' 90- pounds. All the lower chords 

have a cross-section of 30 square inches, all upper chords a 
cross-section of 20 square inches, and all web members a cross- 
section of 9 square inches. It is required to determine the 
deflection of the end under the given loads. 

The stress due to the given loads are tabulated below in the 
column headed ^, and those due to a load of one pound at the 
end in the column headed T, The products STiox each member 
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are given in the fourth column. As each panel of the upper 
chord has the same length and cross-section the sum of the 
values of ST for these panels is taken, multiplied by 10 feet and 
divided by 20 square inches to give ST// A for the upper chord. 





Member. 


S 
pounds. 


T 

pounds. 


ST 


/ 

feet. 


A 
sq. inches. 


STl 

' A 

1 

1 


»-3 


— 41 000 


—2 


+ 


82 000 \ 




I 




3-5 


— 86000 


-4 


■+- 


34400JV 10 


20 


618000 




5-7 


— 135 000 


-6 


+ 


810000 ) 










0-2 


+ 20000 


+ 1 


+ 


20 000 V 










2-4 


+ 63000 


+ 3 


+ 


1 89 000 C 


10 


30 


253000 




4-6 
6-8 


+ 110000 
4- 1 6 1 000 


+ 5 
+ 7 


+ 
+ 1 


550000 ) 
127 000 


5 


30 


187800 




O-I 


-1- 20 000 ^2 


+ V2 


+ 


40000^ 












1-2 


—21 000 V2 


- Mi 


+ 


42000 












2-3 


-h 22 000 i/5 


+ S'l 


+ 


44000 












3-4 
4-5 
5-6 
6-7 


— 23000 Vi 

+ 24 000 i/2 
—25 000 \/2 

4- 26 ODO {^~i 


— S'~l 

+ )/i 
— n 
+ v;> 


+ 

+ 
+ 
+ 


46000 
48 000 
50000 
52 000- 


. 


5V^ 


9 


253000 


STl 

2—r = I 
A 


31 1 800 



Similar! v for the other members these sums are found, the total 
being I 31 1 800, or expressed in terms of inclies I 31 1 800 X 12. 

Then since Q is i pound and E is 30000000 pounds per 
square inch for steel, the formula of Art. 79 gives 

I 3 T I 800 X T 2 



J = 



= 0.52 inches, 



30000000 

which is the deflection at the end of the crane under the given 
static loads. 

Prob. III. Compute the deflection at the end of the above 
cantilever crane due to the dead load of i 000 pounds at each 
apex Also compute the deflection due to the live load of 
19000 pounds applied at the end. 
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Art. 82. Dynamic Deflection. 

The deflections considered above are those due to static loads, 
but for a moving load the deflection is found to be somewhat 
greater, and this usually increases with the velocity. An 
approximate investigation of this case is given in Mechanics of 
Materials, Art. 114, and the conclusion reached will here be 
noted. Let / be the span of the simple truss, arid J its deflection 
under a static load. Let v be the velocity of the live load which 
is equal in weight to the static load, and let g be the accelera- 
tion due to the force of gravity. Then 



-( 



ioJz/»\ 



is an approximate expression for the dynamic deflection. 

In using this formula it is best to take J and / in feet, and v in 
feet per second; also g = 32.16 feet per second per second. 
For example, let J= 1.56 inches = 0.13 feet be the static 
deflection for a truss of 1 20 feet span due to a given load, and 
let it be required to find the dynamic deflection when the same 
load is moving at the rate of 60 miles per hour. Here z/ = 88 
feet per second, and then from the formula, 

5 = 0.13 (i + 0.05) = 0.1365 feet = 1.64 inches. 

The increase in deflection is here only 5 per cent., but for a 
shorter span a greater percentage will be found. As the 
dynamic stresses probably increase in the same ratio as the 
dynamic deflections, it is seen that the allowance for impact 
should be greater for short spans than for long ones. 

The above formula usually gives too small values for the dy- 
namic deflection. Oscillations and concussions, due to imperfec- 
tions of track and looseness of joints, also increases the deflection 
so that sometimes the value computed from the static load is less 
than one-half of the actual value under the passage of a train. 
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The camber of the truss should in all cases be enough so that 
no downward curve of the lower chord may occur. 

Prob. 1 1 2. Compute the dynamic deflection for the Warren 
truss of Art. 80 when the velocity of the live load is 50 miles 
per hour. 

Art. 83. The Principle of Least Work. 

A redundant system is one which has more members than 
necessary, so that the stresses cannot be computed without 
introducing some other condition than the three given by the 
principles of statics. A Howe truss with counter-braces is a 
redundant system, and in order to compute the stresses due to 
dead load the condition is introduced that the counters are 
unstrained, while under live load the condition is used that the 
diagonals can take only compression ; these conditions are 
allowable because the truss is so constructed that the diagonals 
cannot take tension. Similarly in the Pratt truss the counter-ties 
receive no stresses under uniform load, while under partial load 
their stresses are found by help of the condition that no diagonal 
can take compression. 

The Whipple truss is another example of a redundant system. 
In order to find the stresses under dead load the condition was 
introduced in Art. 51 that each system in Fig. 61 acts indepen- 
dently of the other, while for the stresses due to live load the 
division was made as in Fig. 62. While these conditions are the 
ones usually employed in practice, they are not strictly correct 
in every respect. 

A general condition for determining the stresses in the mem- 
bers of a redundant system is the following : 

The true stresses in a redundant system are such that the 
total internal work of all the stresses is a minimum. 

This is called the principle of least work ; it may indeed be 
regarded as an axiom that the energy of any system of resisting 
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stresses will not be greater than the minimum which is necessary 
to maintain equilibrium with the external forces. 

To illustrate the application of this principle let a load P be 
suspended from a ceiling by three strings of equal size as in Fig. 

91. The middle string is . vertical, and each 

of the others makes an angle with it. 

There are here three unknown stresses and 

only two static conditions. The condition 

that the sum of the horizontal components 

must vanish gives 5, = S^, The condition 

Fig- 9x- that the sum of the vertical component must 

vanish gives P — 5 — 5, cos 6 — 5, cos 6^ = 0. The third 

condition is to be established from the principle of least work. 

From Art. Tj the total internal work of the three stresses may 
be written. Let / be the length of the vertical string, /, and ^ the 
lengths of the others, and A the cross-section of each ; then, 




(SH SJl^ SJI^\ 
*V^i5"+ AE + ~A~E) 



is the internal work which is to be made a minimum. For this 
purpose let S^ and S^ be found in terms of 5 from the two static 
conditions; thus 

S^ = S^ = \{P—S)s^c e 

and let these be inserted in K; also l^^=l^^=l sec 0. Then the 
expression to be made a minimum is 

By differentiating this, and placing the result equal to zero, there 
is found for the stress in the middle string, 

s= ?- 

I + 2 COS3 6 

and then the stress for each of the others is, 

P cos'^ 
^^'^^^— I +2 cos3 e 
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These formulas show that if ^ = o^ the three stresses are each 
^P; as increases the middle string receives the greater stress, 
and when = 90** it carries the total load P. 

The application of the principle of least work to redundant 
bridge trusses generally gives the stress in terms of the areas of 
the coss-sections of the members. As the cross-sections are not 
usually known in advance of the design the computations are 
rendered very complex, and hence it is desirable that such systems 
should be avoided. The principle is, however, a useful one for 
the discussion of certain cases arising in drawbridge trusses and 
in arches, as will be elucidated in Part IV. The following articles 
show its use for two of the simpler cases of redundant systems. 

Prob. 113. A load P is supported by three strings of equal 
size, .S" being vertical, 5i making with it an angle of 45 degrees 
on the left, and S^ making with it an angle of 60 degrees on the 
right. Compute the stresses on the three strings. 



Art. 84. A Ferris Wheel with Stiff Spokes. 

Let the small Ferris wheel in Fig. 86 have stiff spokes so that 
each one can take compression as well as tension, and let the 
same be the case of each segment of the rim. This is a case of 
redundancy, for it will be found impossible to state more than 
six static conditions between the seven unknown stresses. The 
seventh condition is hence to be furnished by the principle of 
least work. 

From the six equations given in Art. 75 the values of six 
unknown quantities may be found in terms of the other unknown ; 
thus 

53 = + P+5„ S^==+3P+S,. 5^ = + 4/"+5x, 
and the condition of least work will determine the value of 5i. 
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Let Aj, be the area of the cross-section of each of the spokes, 
and A^ that of each of the segments of the rim, let /, be the length 
of a spoke and 4 that of a segment of the rim ; also let E be the 
<:oefficient of elasticity of the material, this being taken the same 
for all members. Then by Art. jy the internal work of all the 
stresses is 

K={S,' + 25/ + 25,' + 5/) ^ + 2(5/ + 5/ + S/) -^ 

Substituting ini this the above values of S^ S^, S^, S^, S^, S^ this 
reduces to the expression, 

X= (36/^ + 24PS^ + 65x') ^ + (28/^ + 24PS^ + 6S.0 ^ 

Differentiating this, and equating the derivative to zero, gives 

dK h I 

^ = (24/*+ I25'x)^ + (24P + I25x);^=0 

from which is found the value of 5i, namely, 5i = — 2P. Hence 
the stress in the top spoke is compression and equal to double 
one of the loads. 

The other stresses result at once from the above equations. 
For the spokes the stresses are, 

5x = -2/', 53 = -P, 55 = + P, S^ = ^2P 

which shows that the lower ones are in tension and the upper 
ones in compression. For the segments of the rim, 

5, = + /^, 5^ = 0, 5, = -P. 

which shows that the upper ones are in tension and the lower 
ones in compression. 

By comparing these stresses with those found for the wheel 
with tensile spokes in Art. 75 it will be seen that the maximum 
stress in the spokes is one-half as great and the maximum stress 
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in the rim only one-third as large. It hence appears that 
perhaps a wheel with stiff spokes may be the more economical 
construction. 

Prob. 114. Compute the stresses for all the members of a 
Ferris wheel having eight stiff spokes. 

Art. 85. A Bicycle Wheel with Stiff Spokes. 

Let the wheel in Fig. 87 have eight spokes which can take 
either tension or compression. The weight W is applied at the 
hub and the equal reaction W^acts upward at the point of contact 
of wheel and earth. • Here also it will be found impossible to 
derive more than eight conditions between the nine unknown 
stresses, and hence the ninth condition is to be furnished by the 
principle of least work. 

From the eight equations in Art. yS the values of eight un- 
known stresses are easily deduced in terms of the other unknown ; 

thus, 

S^ = S^ = S^ = + Sr . S^ = -IV+S, 

^^ — ^4 — -^6 — ^8 — — 2 sin ^ 

and the condition of least work will now determine the value 
of Sj. 

Let /j be the length of a spoke and l^ that of a segment of the 
rim, A^ and A^ being the areas of their cross-sections. Then the 
work of all the internal stresses is 

K = (7S.' + (5. - wy)^ + 8(jiot)':6- 

By differentiating this with respect to S„ equating the derivative 

to zero, placing 4=2/, sin 0, and sin = sin 22 J** = 0.383, 

there is found 

W 



S,= 



8 + 10.44^ 
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which shows that all the stresses depend upon the ratio of the 
areas of the cross-sections of the spokes and rinu 

As a particular instance let ^= i 000 pounds, and let A^ be 
double yl,. Then the stress for all the spokes except S^ is 76 
pounds tension, and that in S^ is 924 pounds compression ; also 
the stress in each segment of the rim is about 98 pounds com- 
pression. It thus appears that the vertical spoke under the hub 
carries nearly all the load as a compressive stress, and that as the 
wheel slightly turns this is changed into a small tensile stress. 

Prob. 115. Find for the above example the ratio of A^ to A^ 
so that the stress S^ may equal St. Also discuss a carriage wheel 
with 16 stiff spokes and find the greatest stress for both spoke 
and rim. 
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CHAPTER VI. 

HISTORICAL AND CRITICAL NOTES. 

Art. 86. Evolution of Simple Trusses. 

The modern bridge truss is the consequence of a development, 
or evolution, in the sense that it exhibits those features of 
arrangement and details of construction which experience has 
found to be the most advantageous. Forms unsafe and costly 
have been discarded, while forms stable and economical have 
remained in use. The weakest have been forced to the wall, the 
fittest have survived. This process is continually going on, and 
probably the lines of progress in the future will not be less 
marked than in the past. A brief consideration of some of the 
trusses built at different periods, may perhaps be of advantage in 
indicating a few principles likely to govern future constructions. 
The trusses to be considered in this chapter are those of simple 
bridges resting on two supports, but to a certain extent the same 
principles apply to other beam bridges, that is to continuous, 
draw and cantilever structures. 

A thorough history of the progress of evolution of bridge 
trusses, and of the causes which have governed it, would require 
a volume. It involves not only technical considerations of 
stresses and economic systems of bracing, but qualities of ma- 
terials and their prices, methods of workmanship, rates of interest 
on capital, and the character of the traffic. Such a comprehen- 
sive discussion can not be here attempted, but the effort will be 
made to trace the influence, principally, of the form of the truss 
and of the arrangement of its bracing, and to indicate why from 
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this point of view certain trusses have gone out of use while others 
have survived. The investigation is mostly limited, on account 
of the lack of space, to structures erected in the United States. 

The diagram shown at c in Fig. 92 exhibits the principle upon 
which numerous wooden bridges were built during the eigh- 
teenth century in both Europe and America. There were two 
chords, usually with a high camber, connected by vertical tim- 
bers acting as ties to support the floor, which was placed along 
the line of the lower chord. From the top of each vertical an 
inclined brace was carried to the nearest support and the tops of 
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the corresponding pairs connected by a straining beam. True 
truss action, as we now understand it, scarcely existed at all, the 
main idea being to transfer each load to the abutment by the 
shortest route. This was a simple idea, yet it proved uneconom- 
ical on account of the long braces whose stresses increase both 
with their length and the angle of inclination to the vertical. 

In the early days of iron bridge construction a similar principle 
is seen in the truss patented by Wendall Bollman in 185 1, 
where a load at any point on the lower chord is connected by 
long inclined rods to the tops of posts at the abutments. The 
maximum span of this truss was 160 feet, yet even for shorter 
spans they were unable to compete in economy, stiffness and 
durability with structures having trusses of the true. . rational 
type. Simplicity of form is evidently not the principle which 
has governed the evolution of bridge trusses. 

The king post truss, in the form of rafters of a roof, has been 
supposed to be the origin from which these structures originated. 
When this was used as a bridge and the load placed upon the 
lower chord, a vertical tie, as at ^7 in Fig. 92, was introduced. 
For a longer span the form ^, known as the queen post truss. 
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naturally followed, and for still longer ones the form Cy upon 
which plan Grubenmann in 1758 built in Germany the great 
span of 364 feet. Inverting c gives the BoUman form, where the 
top chord becomes strained in compression and the lower chord 
is unnecessary except as a .support to the floor. Thus was 
evolved a system which was tried and found wanting, which 
developed, lived and died, almost its only descendants being in 
the stays of suspension bridges and in a few trusses of the Fink 
type that still survive. To it can be ascribed as closely related 
the arches used for stiffening Burr and Howe trusses, and those 
inclined braces which were regarded as necessary adjuncts of 
most bridges used in the early days of railroads. But these 
influences gradually became of less and less value, and finally 
disappeared. 

Prob. 116. Consult T. Pope's Treatise on Bridge Architecture 
(New York, 181 1), and describe the bridge built over the Schuyl- 
kill in 1804. 



Art. ^j. The Panel Principle. 

« 

A second and far more fruitful line of development was that 
which began .i^lmost a hundred years ago in the labors of 
Timothy Palmer and Theodore Burr. The oldest bridges in 
the United States are those at Waterford, N. Y., and Easton, Pa., 
the former, built by Burr, having four spans ranging between 






Fig. 93. 

150 and 180 feet, and the latter by Palmer having three spans 
of 195 feet each. (The Easton bridge was replaced by an iron 
structure in 1895.) In earlier bridges erected by them can be 
seen what may be called the panel principle, the stress caused 
in any diagonal of a panel being transmitted through the diag- 
onals of the other panel until equilibrium is obtained at the abut- 
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ments. This principle, which has since proved such a fertile 
one, may also be regarded as arising from an extension of the 
king post truss system in the way exhibited in Fig. 93 where d 
is derived from a by the addition of a panel on each side, and e 
from din like manner. Such was the Burr truss, the parent of 
nearly all the forms of bridge trusses now used in the United 
States. Although so defective from the lack of counterbraces 
that it generally requires the assistance of an arch to stiffen it 
under the action of live load, yet as it contained the solid foun- 
dation of economy in maintaining a constant angle for the in- 
clined members its panel principle was transmitted to the Long 
truss, the Howe truss, and later to many other forms. 

Probably the earliest use of the word " counterbrace " was in 
1829 by S. H. Long in connection with the erection of a highway 
bridge of no feet span near Baltimore. In 1836 a patent was 
granted him, the specification of which claims among other 
things, "a system of counter bracing, by means of which the 
truss frames are rendered stiff and unyielding, and the bridge 
kept in uniform action, whether loaded or unloaded." In a 
pamphlet published by him the same year at Concord, N. H., is 
a clear explanation of how counters may be used to stiffen a 
bridge by inserting them in the distorted panels when the bridge 
is fully loaded. Long bridges were built both for highway and 
railroad service until about 1840. They required apparently the 
exercise of a high degree of skill in carpentry, and the long 
timber struts and bolsters shown upon the old drawings indicate 
that there was lack of confidence in the truss action alone. They 
seem to have quickly gone out of use, almost as soon as the 
Howe truss became fully known. 

The truss introduced soon after 1840 by William Howe, em- 
braced no new mechanical principle, and its subsequent popu- 
larity is due entirely to simplicity of details. Like the Long 
truss the verticals are in tension and the diagonals in compres- 
sion, but the former are made of wrought iron rods, and the 
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latter, although of timber, dispense with wooden keys and butt 
against angle blocks either of hard wood or of cast iron. The 
carpentry was also of a simpler character and the erection easy. 
Early Howe bridge 3S show also long timber struts and bolsters 
extending outward from the abutments, and the arch was fre- 
quently used. But while Burr attacheJ the truss directly to the 
arch, thus making the stresses in the two systems indeterminate, 
Howe used it only for the direct suspension of part of the floor 
beams. From 1840 to 1870 probably more bridges were built 
in the United States on the Howe plan than on any other. As 
a railway structure it was extensively used. Over the Susque- 
hanna aloni there were six railroad bridges having an aggregate 
length of over five miles. The usual length of the spans was 
trom 100 to 150 feet, the maximum appearing to be 300 feet, that 
being stated as the length of a span erected in 1868 near Auror'', 
Ind. The Howe truss had all the advantages of the panel 
system, all the advantage of the method of counterbracing, 
which prevented distortion under rolling loads, and moreover, 
the advantage of simplicity of design. From its history is 
clearly seen the great value of simple details of connections. 
Being however mainly of timber it was liable to decay and to 
destruction by fire, and as iron came more and more into use it 
was natural that the combination structures should be replaced 
by metallic ones. 

The combination Pratt truss patented in 1844 although never 
very successful, deserves particular notice as the parent of the 
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FiiT- 94 Fig. 95. 

numerous iron structures of the Pratt type since erected. The 
Pratt truss can be regarded as derived from the Howe, as seen in 
Figs. 94 and 95, the former representing the deck Howe an^l the 
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latter the deck Pratt form. The tension verticals of the Howe 
type become the compression posts of the Pratt, and the main 
and counter struts of the Howe become the main and counter 
ties of the Pratt. Plainly the second form has the advantage of 
making the compression members shorter, and this later proved 
to be of greater theoretic importance, although its full influence 
was not seen until timber came to be wholly replaced by iron. 
At first the simple details of the Howe type overshadowed the 
mechanical advantage of the shorter struts, yet the idea was, 
there and waited only for an opportune time in which to assert 
itself. Often indeed do fruitful ideas lie latent or undeveloped 
for years before practical realization is possible. 

Prob. 117. Consult Haupt's Bridge Construction (New York, 
1 851), and describe the details of the Long truss and of the 
Howe truss. 



Art. 88. The Influence of Squire Whipple. 

Previous to the year 1 840 there was little known regarding the 
analysis of stresses or the scientific design of trusses. It seems 
indeed marvelous that such ignorance could have prevailed, 
when all the principles of mechanics and mathematics necessary 
for these investigations had long before been developed. Prob- 
ably none of our present theoretical problems of strains or 
stresses would have afforded any difficulty to a great mind like 
that of Euler, had they been stated to him. But no statement 
of them existed even in the minds of bridge builders, whose 
work was almost wholly empirical, and whose progress consisted 
in slowly creeping on by practical trial from point to point. 
Shears and moments as instruments of theoretic computation 
were unknown, the actual deforming action of live loads was 
guessed at rather than rendered certain by mechanical principles, 
the proper proportions of members, proper angles for bracing, 
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proper economic depths of trusses — all these and more — to say 
nothing of precise knowledge of the strength of materials, were 
as yet undeveloped to assist in the evolution of truss design. 

In 1847 there was published at Utica, N. Y., a book of 120 
pages with ten plates, entitled "An Essay on Bridge Building, 
containing analyses and comparisons of the principal plans in 
use, with investigations as to the best plans and proportions, and 
the relative merits of wood and iron for bridges, by S. Whipple, 
C. R, mathematical and philosophical instrument maker." In 
this are given methods for computing stresses in truss members 
due to dead and live loads, investigations c.s to the angles of 
economy for web bracing, comparison of different forms of trusses, 
and information regarding the resistance of materials, while iron 
is advocated as a bridge material and two forms of trusses here- 
tofore little known are introduced and discussed. The whole 
book shows that the author had given the subject careful study, 
and that he was very far in advance of his times in rational 
views of economic bridge design. This work being published 
by the author, was quite unknown to the book trade, and 
hence its circulation was very small, yet its contents ultimately 
exerted much influence, and the name of Whipple stands high 
on the roll of American engineers as one who made important 
advances, both theoretic and practical, in the science of bridge 
construction. 

In Figs. 96 and 97 are shown the two forms of truss advocated 
by Squire Whipple, the first being called by him the arched 
truss and the second the double canceled truss. The first form, 
often known as the bowstring, was a new one for this country, 
although it had been built in Europe ten years before ; while the 
second form had 
been previously 

used for a few " Pig.ge. 

bridges of the Long and Howe types, the verticals being ties and 
the diagonals compression members. To Whipple is due the. 
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credit of a thorough analysis of the stresses, of a comparison of 
relative economy for equal strength, of designs in cast and 
wrought iron, and of the actual erection of a large number of 
both kinds. Previous to 1850 he had erected about twenty of 
the bowstring bridges over the Erie canal. In 1862 he built a raiU 
road structure of 146 feet span near Troy, N. Y., on the 'second 
plan, since generally known as the Whipple truss ; this bridge 
fulfilled the conditions of its service in an excellent manner until 
1882, when it was removed. 

The bowstring truss has in its variable depths two strong 
theoretic advantages ; it renders the stresses in the chords nearly 
equal in the different panels, and it diminishes and equalizes the 
stresses in the bracing. If the panel points of the upper chord 
lie upon a parabolic curve the lower chord is equally strained 
under a uniform load and the diagonals are unstrained, so that 
the stresses in the latter are due only to the live load. Accom- 
panying these advantages is the disadvantage of alternating 
stresses in the verticals, and the practical difficulty of making 
cheap joint connections for the upper chord. For many years 
its use was confined to highway structures, bit during the past 
decade it has been adapted with advantage to some of the longest 
simple spans ever erected. In it is an important idea of economy 
namely, that of a uniformity in the size of members, whereby 
labor is saved and no more material is used than is actually re- 
quired to resist the stresses. Next to the panel principle this 
idea is probably the one which has most controlled the actual 
evolution of bridge trusses. For it happened that with the in- 
troduction of iron the manuiacture of bridges fell into the hands 
of special establishments, which entered into active competition 
with each other. Every improvement that experience could dic- 
tate or that ingenuity could suggest was seized upon to reduce 
the joint cost of materials and workmanship to a minimum. As 
the cost of iron was at first high compared to present prices, a 
saving in material counted for much on the profits, and uniform 
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ity in sizes reduced also the expenditures for labor. Forms of 
trusses which applied the statical principles of stability in such a 
manner as to conduce to these ends have survived, while others 
have disappeared and left few descendants behind them. 

The Whipple truss shown in Fig. 97 has all the advantages of 
the Pratt type as regards the use of compression members in the 
webbing, and also by the double system of webbing it brings the 
points of support 
of the floor nearer 
together, which 

for long spans is "^ " Pig. 97. 

a matter of importance. The function of the truss is to support 
the floor and its load, and the bridge consists of both truss and 
floor with the lateral bracing, so that the problem is to render 
the cost of the whole a minimum. Stringers longer than 25 
eet make an expensive floor, and this limits the economic depth 
of the Pratt truss to about 25 feet and the span to about 250 
feet, as a less ratio of depth to span than one-tenth is usually not 
advisable. With the Whipple truss however, keeping the same 
angle for the bracing, the depth of the truss can be doubled, so 
that it can be built for spans of 500 feet in length. During the 
years following 1870 many long span bridges on this system 
were erected, and it was for some time supposed that double and 
multiple systems of webbings were the only practical forms for 
5uch spans. Among these long trusses may be mentioned the 
515 feet span of the bridge completed in 1877 over the Ohio at 
Cincinnati, which had 20 panels of 25^ feet each and a depth 
of 5 1 J^ feet, and which at that date was the longest truss span 
ever erected. This structure, although for a single track railway, 
appears to exhibit the maximum practical economic length of a 
Whipple truss, for about this time there came into use other 
methods of supporting the floor beams at proper panel distances. 
These methods require less material in the trusses than do the 
multiple or double systems of webbing, and accordingly the 
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single advantage of those systems ceased to be of controlling 
value. 

Prob. 1 1 8. Consult Whipple's book and describe the details 
of his bowstring truss and of his double canceled truss. 



Art. 89. Modern Lines of Progress. 

The triangular or Warren type of trussing should be men- 
tioned as one which seems to have exerted an tiifluefice in sev- 
eral ways, and particularly because with its single system it 
afforded opportunity for the support of floor beams at the middle 
of a panel by the use of an independent vertical member. Ori- 
ginating in Europe, it has always been used to a moderate ex- 
tent both there and in this country, notwithstanding the disad- 
vantage of its inclined compression members in the webbing. 
The single system shown in Fig. 3 1 is applicable to short spans : 
as the span increased the panels became longer and then the 
intermediate vertical members were introduced, as seen in Figs. 
56 and 58, to support intermediate floor beams. For longer 
spans additional stiffening members and auxiliary ties were em- 
ployed, as shown 
by the broken 
lines in Fig. 98. 
In 1 869 the chan- 
^ie.9»- nel span of 390 

feet over the Ohio at Louisville was built on this plan, and in 
1885 the 525 feet span at Henderson, Ky. Here the principle 
of simplicity of truss action is well illustrated, while the most 
apparent disadvantage is that of long diagonal struts ; in accord- 
ance with the law of evolution the former of these tends to be 
perpetuated and the latter to disappear. 

Two more steps in the process of development give the forms 
which at the present day are most in favor for simple trusses of 
long span. These steps consist in rejecting from Figs. 97 and 
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98 the disadvantageous elements and preserving those that tend 
toward simplicity and economy. Thus arose the Baltimore 
truss, seen in Fig. 99, where the compression members are re- 
duced to a minimum both in number and in length, and where, 
independent members support the intermediate floor beams. In 
Fig. 100 is seen the same idea applied to the bowstring or arched 
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Fig. 100. 



truss, whereby are gained in addition the advantages of that type 
in making nearly uniform the stresses in both chords and web 
members. These two elements combined have rendered the 
latter form applicable to the longest simple spans. It is seen in 
the 5 1 5 feet span of the bridge erected over the Susquehanna at 
Havre de Grace in 1886, in the 521 feet span completed over the 
Ohio at Ceredo, W. Va., in 1893 and in the long and heavy span 
of 550 feet built between Cincinnati and Covington in 1888. 
Graceful in outline to the eye, they stand as the results of an 
evolution whose waves of progress have rapidly swept over the 
century, and in them are included the principles that have been 
found most conducive to stability and economy. 

Taking now a quick retrospect of this evolution of bridge 
trusses let the attempt be made to state succinctly what are .the 
principles, as regards form and proportion, which have been 
found worthy to survive. First, the panel system, whereby the 
diagonal members were kept at economic angles, produced the 
trusses built by Palmer and by Burr. Second, the principle of 
counter-bracing the panels led to the trusses of Long and Howe. 
Third, the idea that compression members should be made as 
short as possible caused the Pratt and Whipple forms to arise. 
Fourth, the idea of varying the depth of the truss to render 
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stresses as nearly uniform as possible brought the curved upper 
chord into use. Fifth, the methods of suspending alternate floor 
beams without the use of a double system of bracing gave rise 
to the Baltimore truss. Lastly the combination of all these good 
qualities produced the form seen in Fig. lOO. It is not intended 
to imply that this truss, variously known as the arched truss, the 
bowstring, and sometimes as the camelback, is one universally 
applicable with maximum economy, but merely that it appears 
to typify the best and most successful American practice. 

Among those forms of trusses which have disappeared in this 
struggle for existence are many which have remained unmen- 
tioned in this brief review. The Town lattice, and its iron suc- 
cessor, the Rider truss, contained the idea of uniformity of sizes, 
and yet were weak under an excess of material. The McCuIlom 
truss contained principles well applied, but did not come into 
extensive use on account of its timber details. The Fink truss 
like the Bollman, lacked in efficiency and rigidity, because of the 
absence of the panel system. The Howe truss, so effective as a 
wooden bridge, utterly failed when built in iron on account of 
the imperfect diagonal connections, as the Ashtabula accident 
still keeps before our memories. The Post truss contained good 
elements, but could not compete with the Pratt and Whipple 
forms. A few other kinds have enjoyed but a brief existence, 
and some have exerted an influence only through disasters 
caused by their own weakness. The trial and rejection of many 
kinds is a necessary element of the progress of evolution, and in 
our present forms of trusses are embodied the lessons taught by 
all preceding ages. 

At present, in a flourishing existence, as a result of this evolu- 
tion, are found the Pratt, the Baltimore and the curved bowstring 
trusses, the first being best adapted for short, the second for 
medium, and the last for long spans. The triangular or Warren 
truss is still used, and with apparent prospects of success forms 
allied to the Post truss are being tried. The lenticular truss, 
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with lower chord curved as well as the upper, is rarely seen, 
although its theoretic promise is fair. Single systems of webbing 
characterize the best constructions of all kinds, sub-verticals 
being used to avoid long panel lengths. Compression members 
are made as short as possible, and in deep trusses are stiffened 
by special struts. All the theoretic requirements regarding pro- 
portions of parts, qualities of materials and workmanship are 
ensured by strict specifications followed by rigid inspection, and 
the healthy rivalry of bridge manufacturers reduces prices to a 
minimum. Thus have been produced systems of trussing of 
which American engineers are justly proud. 

The matter in Arts. 86-89 is, with but few changes, an article 
contributed by the author to The Railway Age of May 19, 1893. 
For more detailed historical information the student may consult 
the article Bridges in Johnson's Cyclopaedia, and in the Encyclo- 
paedia Brittanica, as also Cooper's American Railroad Bridges,. 
New York, 1890. Part III of this work. has additional matter 
regarding simple bridges, while notes regarding higher forms of 
bridges may be found in Part IV. 

Prob. 119. Consult the above references and write an essay 
on cast-iron bridges, and on the use of cast iron for bridge details. 



Art. 90. The Economic Depth of Trusses. 

The question of the proper depth of a truss is an interesting 
one. A through truss greater in span than 80 feet should have 
upper lateral bracing, and this requires a clear head room above 
the rail of at least 18 feet. Frequently the depths of deck 
bridges are determined by local considerations, such as the clear 
water way for the passage of boats below, the depth of adjacent 
spans, the expense of approaches, and even by aesthetic reasons. 

The economic depth of a truss is that depth which renders the 
quantitv of material, under the given specifications, a minimum. 
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This depth is different for each kind of truss and for each class 
of specifications, and when these are the same it depends upon 
the panel length, the style of floor, and many other things besides 
the span. The economic depth may be found, and in general 
has been found by bridge builders, by making several designs of 
trusses for different depths, the span and other conditions remain- 
ing the same. As in all cases of an algebraic minimum, slight 
variations from the true economic depth do not sensibly alter the 
quantity of material, so that a few trials will serve to determine 
its value. The economic depth of simple bridge trusses may in 
general be said to vary between one-fifth and one-eighth of the 
span, although for very long spans, as 500 feet, this gives too 
great a depth. 

Many theoretic discussions as to economic depth have been 
made. Most of these contain assumptions which limit the 
investigation in some particulars, or exclude points which an 
actual design must include. The student is referred to the paper 
by DuBois, in Transactions of the American Society of Civil 
Engineers for May, 1887, and also to Crehore's Mechanics of 
the Girder, where it will be seen that the complete theoretic 
investigation is one of the greatest complexity. In Part III 
this subject is also discussed, and hence only a simple case will 
be treated here. 

As an example of an approximate investigation of economic 
depth, let the king post truss in Fig. loi be considered. Let 

the span be /, the 
load be P, and 
let t and c be the 
I tensile and com- 

FiK- »<>»• pressive u n i t - 

stresses to be used in proportioning the members. It is required 
to find the economic depth d. 

The stress in the vertical tie is P, the area of its cross-section 
is Pjt and its volume is Pdj L The stress in the lower chord is 
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Pl/^dy its area is Pl/^dt, and its volume is Pl^/^dt, The 
stress in each strut \^\P sec B, its area is J P sec d/c^ its length 
is rfsec ^, and its volume is JPrfseC Q/c. The value of sec"^ 
is (^/' + d*)/d*. The volume of one truss then is, 

Pd ^Ph . P(il--hd-) 
t ^dt dc 

Differentiating this with respect to dy and placing the first 
derivative equal to zero, there is found d=^\l. Hence the 
economic depth of the king-post truss is one-half the span, or 
the struts should be inclined at an angle of 45 degrees. 

This investigation is limited by the assumption that t is the 
same for both tie and chord, and also that c is independent of the 
length of the strut. The final result is, however, not far from 
correct. Similar investigations show that for the Warren truss 
the economic depth is such that the webbing is inclined at an 
angle of 45 degrees, while for the Pratt or Howe truss the angle 
between the inclined members and the vertical should be about 
40 degrees. 

Prob. 120. Find the economic depth of the queen post truss 
under a uniform load of Pat each panel point. 



Art. 91. Plate and Tubular Bridges. 

« 
Plate girder bridges having a solid web connecting the chords, 

are extensively used for spans less than 100 feet. Several have 

been built as long as 120 feet, and in 1895 one was erected by 

the Shiffler Bridge Company which was 123 feet long and 9 

feet 6^ inch in depth. Each girder is entirely completed in the 

shop, so- that the erection work involves merely the riveting 

necessary to connect the girders together by the cross and lateral 

bracing. 
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The chords, or flanges, of plate girder bridges are made ol 
angles and plates riveted together. These flanges are considered 
as carrying the entire bending moment, so that the flange stress 
at any section is computed by dividing the bending moment 
by the distance between the centers of gravity of the flanges. 
The web is supposed to carry all the vertical shear, and its cross- 
section and thickness are proportioned accordingly. At intervals 
about equal to the depth of the girder vertical stiffeners are often 
riveted to the web to give security against lateral bulging. In 
Chapter III of Part II will be found an analysis of stresses, while 
Chapter V of Part III sets forth in detail the methods of 
designing such bridges. 

A tubular bridge is a rectangular tube with closed top, sides, 
and bottom, the roadway passing through it on the lower chord. 
The sides are made of plates and stiffeners riveted together, these 
acting like the webs of a plate girder bridge. The chords are 
made of channels, angles and plates riveted together, often in 
cellular form. Such a structure has the merit of stiffness, but it 
is expensive, and the passage through it is like unto that through 
a tunnel. A few were erected between 1840 and i860, but they 
have since found no favor. 

The Britannia tubular bridge over the Menai Strait in Wales, 
designed by Stephenson, and completed in 1850, has four spans, 
two being 230 feet and two 460 feet in length. The outside 
height of the tube is 30 feet, and the inside height 25^ feet; the 
outside width is 14^ feet and the inside width 13^ feet. Its 
weight per linear foot is about 1 1 200 pounds and its cost was 
about ^3 000 000. 

The only tubular bridge erected in America was the Victoria 
bridge over the St. Lawrence River, at Montreal, completed in 
1859. It consisted of 24 spans of 242 to 247 feet and one span 
of 330 feet in the clear. It was replaced by a truss bridge in 
1898. The economic advantage of the truss system over the 
tubular is shown by the following comparison of the Lachine 
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bridge, erected in 1888 over the St. Lawrence at Montreal, with 
the Victoria bridge : 

Total length, feet, 

Number of spans. 

Longest span, feet, 

Weight of superstructure, net tons, 

Weight per linear foot, pounds, 

Cost per linear foot, 

The advantage in time of erection is also very great, the truss 
usually requiring less than one-fourth of the time of the tubular 
structure. Sje Engineering News, October i, 8 and 15, 1887. 

The maximum moment at any section of a plate or tubular 
simple bridge, due to a given system of loads, is found by the 
first rule of Art. 61. The absolute maximum moment due to 
wheel loads does not, however, occur at the middle, but at a 
section near the middle, and in general it occurs under one of 
the loads. At this section the vertical shear is zero, and hence 
the reaction at one end of the bridge is equal to the sum of the 
loads between that end and the section. Thus it is seen that the 
section where the absolute maximum moment occurs is so located 
that the distance between it and the center of gravity of the 
loads is bisected by the middle of the span. 

In order to show this more fully let W be the total load on a 

girder, / its span, a the distance from the left end to the section 

where the absolute maximum bending moment occurs, and P' 

a 
the part of the load on the distance a. Then P' = ^ W \% the 

condition which gives the greatest moment at the section, as 
proved in Art. 61. Now if this moment be a maximum the re- 
action R at the left end is equal to P\ since there is no shear at 
the section. But if b be the distance from the right end to the 

b 
center of gravity, of the loads, then -^ = 7 W. Hence a = by 
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that is the section of absolute bending moment is as far from the 
left end as the center of gravity of the loads is from the right 
end ; or the distance between the section and the center of gravity 
of the loads is bisec ed by the middle of the span. 

Prob. 121. Two loads, one 5 tons and the other 8 tons, are 6 
feet apart. What is their position in order to give the absolute 
maximum bending moment on a simple girder of 30 feet span? 



Art. 92. Roof Trusses. 

The simplest form of roof truss consists of two rafters, united 
by a horizontal tie as shown at a in Fig. 102. This form is appli- 
cable only to very short spans. 




Pig. loa. 

As the span is increased, a vertical tie, commonly designated 
as a king-post, is inserted at the middle to keep the tie beam 
from sagging, forming the king-post truss shown in Fig. lOi. 
The next step is to furnish intermediate support also to the upper 
chord by means of struts from the foot of the king-post, thus 
giving the form b in Fig. 102. By extending this principle the 
truss may be used for still longer spans by subdivision into a 
number of panels of equal width as shown at c. This form is 
known as the English truss, and is especially adapted to con- 
struction in wood, with the exception of the verticals, which are 
made of iron rods. It requires very simple details. 

A common form known as the A roof, has the tie beam in a 
raised several feet above the wall plates in order to secure more 
headroom. This arrangement causes flexure in the extension 
of the upper chords below the tie. The queen-post truss (Fig. 
92, B) is another old type of roof truss, the rafters supported by 
the truss being extended until they meet at the peak of the roof. 
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The timber trusses of the old roof of St. Paul's, outside the walls 
at Rome, erected over 400 years ago, consisted of a king- and 

queen-post truss, with their inclined chords brought into co- 

, • , 1 ■ • ■ 

incidence. 

When roof trusses are to be constructed in iron, the truss in 
Fig. 102 is modified for the new conditions by reversing the 
diagonals, the compression members being thereby made shorter 
than the tension members. The resulting truss is shown in Fig. 
23, in which, however, the lower chord is slightly raised at the 
center. This type with the lower chord horizontal is extensively 
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used in factories where lines of shafting or the track of light 
traveling cranes are to be suspended from the truss. 

Another line of development is shown in the trusses in Fig. 103. 
In d the .struts differ from those in Fig. 102 by by being made 
perpendicular to the upper chord and thereby shortened, while 
the single vertical of the latter is replaced by two inclined ties. 
This truss may be regarded as composed of two secondary in- 
verted king-post trusses, placed end to end and united by a hori- 
zontal tie. In e the upper chord is supported at two intermediate 
points on each side by doubling the number of struts, while in 
ythe same result is obtained by doubling the number of both 
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struts and ties and thereby keeping the struts perpendicular to 
the upper chord. The last method may be extended so as to 
apply to spans of considerable length. 

The truss g in Fig. 104 is derived from d in Fig. 103 by intro- 
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ducing subsidiary inverted king-post trusses whose upper chords 
coincide with the segments of the upper chord of the main truss. 
By one more subdivision the half upper chord may be divided 
into eight parts, and in this form may be used for the largest 
spans for which a triangular truss has yet been constructed. 
The trusses h and i are derived from d by employing tertiary 
trusses of the same form as the secondary trusses in e and / 
respectively, instead of those in d. The truss i is to be preferred 
to A, as all its struts are perpendicular to the upper chord, and 
therefore as short as possible. 

The trusses in Figs. 103 and 104 readily permit additional head 
room by raising the middle tie of the lower chord and thereby 
still further reducing the lengths of the struts. See Figs. 13 and 
16. The form g is known in Europe as the French or Belgian 
truss, and in America as the Fink truss, the last name being 
due to the introduction of the corresponding arragement of sub- 
sidiary trusses first used in bridge trusses by Albert Fink. 
The largest trusses of this type are those in the car erecting 
shops of the Pennsylvania Railroad at AltoOna, Pa., having a 
span of 132 feet, the trusses being spaced 16 feet 3^ inches 
center to center. 

The modified form of Fig. 102 b, shown in Fig. 105, is used 
to some extent in buildings where very high 
ceilings are desired. The vertical is an iron 
rod, while the rest of the truss is constructed 
in timber, comparatively heavy members being 
required on account of its small central depth. A slight yield- 
ing in the joints causes an outward thrust on the walls. 

Another class of roof trusses includes those with broken 
upper chords like the crescent (Fig. 1 2) and similar shapes. The 
crescent truss has been more frequently used for train sheds 
than for other buildings, the largest span erected being 212 feet, 
for the Central Station at Birmingham, England. The webbing 
is generally either of the type shown in Fig. 12, or is composed 
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of vertical or of radial struts with diagonal ties. Unless the rise 
is small, counter braces are required in such trusses. 

Some of the common forms of bridge trusses are also used as 
roof trusses, especially the Howe and Warren trusses, the latter 
having either single or double intersection webbing and some- 
times also sub-verticals. The Warren truss is frequently em- 
ployed for the trussed purlins of the roof trusses of large spans. 
The longest trussed purlins yet constructed have a span of 73 J^ 
feet. The purlins of the Central Railroad of New Jersey train 
shed at Jerse} City are Baltimore trusses with a span of 32^ 
feet. The main roof trusses in this building have straight upper 
chords and curved lower chords. These are the largest simple 
roof trusses erected in this country, the span being 142 feet 4 
inches. The next in size are those of the train shed of the Union 
Passenger Station at St. Louis with a span of 140 feet 3^ inches. 
These are Pegram trusses with both chords curved and with sec- 
ondary trusses between the main panel points of the upper chord. 

For larger spans arch trusses with three hinges are usually 
employed. Their stresses will be investigated in Part IV. A 
table giving the principal dimensions of six trusses of train sheds 
and two of exposition buildings, of the largest spans, was pub- 
lished in the Railroad Gazette, Vol. 25, page 406, June 9, 1893. 
The largest roof truss in the world belongs to this class, being 
that in the Manufactures and Liberal Arts Building of the World's 
Columbian Exposition, erected in 1892. The span is 368 feet 
and the rise 206 feet. A few cantilever roof trusses have been 
built, the most noted being those of the Mines and Mining 
Building of the same exposition. The anchor arm was S7}4 
feet, the cantilever arm 34 J^ feet and the central supported span 
46 feet in length. 

Prob. 122. Ascertain the kind of roof trusses used in the 
Machinery buildings of the International Expositions of 1876, 
1889, and 1893; and give a skeleton diagram of each with main 
dimensions. 



I 



172 HISTORICAL AND CRITICAL NOTES. ChAP. VI. 

Art. 93. Classification of Bridges. 

Bridges may be divided, with reference to the pressures 
they exert upon the points of support, into three classes : A, 
Beam Bridges ; B, Suspension Bridges ; and C, Arch Bridges. 
Beam bridges exert only vertical pressures upon the abutments 
or piers ; suspension bridges exert a horizontal pull as well as 
vertical pressures ; and arch bridges exert a horizontal thrust in 
addition to the vertical pressures. Thus, the reactions are ver- 
tical for beam bridges, while for suspension and arch bridges 
they are inclined. 

A. — Beam bridges are subdivided into simple bridges, draw- 
bridges, continuous bridges, and cantilever bridges. The road- 
way in all of these may be supported by solid beams, by plate 
girders, or by trusses. Solid beams, however, are generally used 
for simple bridges of less than 30 feet span, and plate girders for 
spans less than 120 feet. Simple trusses are used in probably 
over 90 per cent of all bridges, and hence the greater part of 
this volume is devoted to their discussion. The largest simple 
span ever erected is that built in 1893 over the Ohio river at 
Louisville, it being 553 in length between centers of end pins. 

Draw bridges are used over navigable streams, being usually 
arranged so as to swing on a central pivot. When open a draw 
bridge consists of two cantilever arms ; when closed it is a con-^ 
tinuous structure on three supports. The longest draw bridge 
is one of 520 feet in length over the Missouri river at Omaha 
Neb., erected in 1893. 

Continuous bridges have unbroken chords over three or more 
supports, and the reactions and stresses are governed by the laws 
of continuity. They are rarely built in the United States on 
account of the variation in stresses that might occur owing to 
the sinking of piers. The largest continuous spans are those of 
the Britannia tubular bridge (Art. 91). In Europe many contin- 
uous truss bridges are ^ound, among which may be mentioned 
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that over the Same river at Freiburg, built-in 1862, which has 
5 spans of 160 feet and two end spans of 147 feet. 

Cantilever bridges may have four or more supports, but the 
chords are broken at certain places, so that the reactions may be 
computed without difficulty, thus rendering the stresses indepen- 
dent of variations in level of the piers. The first true cantilever 
bridge was erected in 1875, but it has proved adaptable to the 
longest spans on account of economy in erection and material 
The longest clear spans ever built are those of the Forth canti- 
lever bridge, completed in 1 890, there being two each of 1 700 
feet. The longest cantilever span in the United States is that of 
the Memphis bridge, 790^ feet. 

B. — Suspension bridges have a roadway supported from cables 
which extend over towers and are fastened in anchorages. 
Trusses are generally placed on either side of the roadway and 
these serve to stiffen the system as well as to distribute the load 
to the cable. Although long thought to be defective in rigidity 
it is now recognized that the suspension system is adapted to the 
longest spans and to the heaviest traffic. 

The first suspension bridge having the roadway suspended 
from the cable was erected in Pennsylvania in 1801 by James 
FiNLEY. The adaptability of the system to railway traffic was 
demonstrated by Roebling through the success of the Niagara 
bridge erected in 1855. The largest suspension structure is that 
of the East River bridge connecting Brooklyn and New York, 
which was completed in 1883 ; it has a total length of 3455 feet 
between anchorages and a central span of 1 595 feet. A suspen- 
sion bridge with a central span of about 3100 feet is proposed to 
cross the Hudson river at New York. 

C. — Arch trusses are frequently u:ed both for roofs and for 
bridges. In roofs a horizontal rod is generally used to receive 
the thrust while in bridges this is taken by the abutments. 
Three-hinged arches are those having a pin at the crown and one 



1/4 HISTORICAL AND CRITICAL NOTES. ChAP. VI. 

at each end, while two-hinged arches have pins only at the ends ; 
by the use of these pins stresses due to temperature are in large 
part avoided. Arched bridges are always graceful in appearance 
and have the merit of stiffness, but their erection is usually more 
expensive than cantilever or suspension systems. 

' The longest bridge arch is the two-hinged structure for high- 
way and electric car traffic erected at Niagara Falls in 1898, 
which has a span of 840 feet. A similar arch of 550 feet span 
for both railroad and highway traffic was built over the Niagara 
River in 1897 to replace the suspension bridge of ROEBLING. 
An arch bridge without hinges erected at St. Louis in 1874 
has a central span of 520 feet. 

In Part IV are given the methods of computing stresses in 
draw, continuous, cantilever, suspension, and arch systems, both 
by analytic and graphic methods. 

Prob. 123. Draw a genealogical tree showing how the differ- 
erent systems of bridges have developed from the simple beam, 
and how the various branches are related to each other. 
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ANSWERS TO PROBLEMS. 

Prob. I. AB = + 4 ooo pounds, AC = BC =5 — 5 660 
pounds. The letter 6* should be at the peak in Fig. i. 

Prob. 2. AB = + 8 000 pounds, AC = BC = — 8 940 
pounds. 

Prob. 3. For AB stress per square inch = 667 pounds, which 
is a little too low ; for AC by the column formula for fixed ends 
it is 9330 pounds, which is far too high. 

Prob. 4. Truss = 7 290 pounds, covering =16 200 pounds, 
snow =16 200 pounds. 

Prob. 5. Truss = 2 520 pounds, covering =12 880 pounds, 
snow = 7 200 pounds. 

Prob. 6. Loads = 3 308 and 6615 pounds, reaction =19 845 
pounds. 

Prob. 7. Reaction from truss = i 350 pounds, from covering 
= 5 485 pounds, and from snow = 3 060 pounds. 

Prob. 8. AB = + 5 625 pounds, -^C= BC= — 8 224 pounds. 

Prob. 9. Reaction = 7 800 pounds, stress = + 6 500 pounds. 

Prob. 10. Reaction = 7 800 pounds, 5, = + 7 800, S^ = 
+ 5 200, ^3 = — 9 750, 5^ = — 7 410, 5, = — 3 120, S^ — 
+ 2 600 pounds. 

Prob. II. Lever arm for 5, = 4.1 1 5, for 5,, = 11, for S^ = 4.37, 
for S^ = 4.37, for S^ = 12.5, and for S^ = 6.03 feet. 
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Prob. 13. AB = + 5 cxxD pounds, AC = BC = — 7071 
pounds. 

Prob. 15. S^= + 29090, 5, = + 14550, ^3 = - 34670, 
5^ = — 29 870, S^ = — 6 400, and 5^ = + 16 750 pounds. 



Prob. 16. AB^^^. Ac=^-^±^, 

(a + i)h (a + d)h 



BC=^^^^ + A^ 



{a + b)h 

Prob. 17. For lower chord stresses = 17.9, 15.3, 12.8 tons; 
for upper chord = 19.0, 16.2, 13.5, 10.8 tons; for verticals = 0.9, 
1.8, 5.6 tons; and for diagonals = 2.8, 3.1, 3.8 tons. 

Prob. 20. ab =^ — 28.5, be = — 27.5, cd = — 26.5, de = 

— 25.5, of = + 26.3, fg = + 22.6, bf = — 2.3, fc= + 3.8, 
eg = —^.T,gk = + 13.5,^^ = + 9'S, etc. 

Prob. 21. Stress = 13025 pounds. 
Prob. 22. Apex loads =1820 and 36 40 pounds. 
Prob. 23. R^ = 2.84, jR^= i.ig, H = 1.71 tons. 
Prob. 25. ^, = 5 025 and R^ = 2 588 pounds. 

Prob. 26. 5, = + 5-37» 5, = + 1.51, ^3 = — 470, S^ = 

— 4.70, S^= — 3.60, 5^ = + 3.99, S\ = + 1.63, ^'3 = — 4.13, 
5'^ = o, 5'^ = + 0.25 tons. 

Prob. 30. Using the same notation for the members as in 
Fig. 20, the maximum stresses are: 5, =4- 10.5, 5a= -f S-7» 
53 = -io.2, 54 = - 8.9, 55 = -4.2, 56=-f5-3» ^'i=+7-9» 
^'2 = 4-5.7, 5^3 = -9.8, 5^4 =-8.5, 5^5 = -4.2, and S'e = 
-1-4.8 tons ; and the minimum stresses are : 5, = -{- 1.7, S^ = 
+ 0.7, 53 = -3.5, 54 = -2.8, 55 = -o.9, 56 = 4- I.I, 5'x = 
4-2.8, 5'', = 4-0.7, 5'3 = -3.5> 5'4 = -2.8, 5's = -0.9, and 
S\ = 4-1.2 tons. 

Prob. 31. Max. = 4- 7.92 and min. = -I- 0.26 tons. 
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Prob. 32. 5*= 13 400 pounds per square inch, so that factor 
of safety is about 4.1. 

Prob. 34, Depth =134 inches. 

Prob. 35. Stress per square inch = 19 140 pounds. 

Prob. 36. For the upper chord by the column formula the 
stress per square inch is about 920 pounds. The lower chord 
stress = 82 pounds per square inch. 

Prob. 38. Depth = 17.1 inches. 

Prob. 39. Let / be panel length and d be the depth of truss.. 

Then stress in pounds =19 200 ^« 

Prob. 40. $^ 038 and $g 156. 

Prob. 41. ;^6o 586, 1^59 885 and $6$ 534. 

Prob. 42. + 7 000, — 9 900 and +14 000 pounds. 

Prob. 43. Chords and verticals =12 000, end posts = 16 970 
pounds. 

Prob. 44. Verticals = 13.5, 11.8, 84, 5.1, 34 tons. Diagonals 
= 14.8, 10.6, 6.3, 2.1 tons. 

Probs. 45 and 46. 8.5, 6.8, 5.1, 3.4, 1.7 and 0.0 tons. 

Prob. 47. Lower chords = 3.8, 10.6, 16.0, 19.8, 22.0, 22.8 tons. 
Upper chords = 7.6, 13.7, 18.2, 21.3, 22.8 tons. 

Prob. 48. Upper chords = 9.3, 16.0, and 20.0. 

Prob. 49. Lower chords = 10. 1, 10. i, 17.7, 22.8 and 25.3 tons. 

Prob. 50. Lower chords = 7.2, 12.8, 16.8, 19.2, 20.0 tons. Ver- 
ticals = 0.9, 9.1, 6.7, 4.3, 1.9, 0.7. Diagonals = 13.0, 10. i, 7.2^ 
4.3, 1.4 tons. 

Prob. 51. 14 700 pounds or 7.35 tons. 

Prob. 52. About 280 feet for city bridges, and 230 feet for 
country bridges. 

Prob. 53. Lower chords = 17.2, 30.5, 40.0, 45.8, 47.7 tons. 
Prob. 54. Maximum stresses = 70,70, 126, 168, 196, 2 10 tons. 
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Prob. 55. Upper chords = 70, 126, 168, 196 and 210 tons. 
Lower chords = 354, 98.4, 1474, 1824, 2034, 2104 tons. 

Prob. 56. Positive shears = 31.5, 25.2, 19.6, 14.7, 10.5, 7.0, 
4.2, 2.1, 0.7 and 0.0 tons. Negative shears = 0.0, 0.7, 2.1, 4.2, 
7.0, 10.5, 14.7, 19.6, 25.2, 31.5 tons. 

Prob. 57. 44.0, 34.2, 25.7, 18.3, 12.2,7.3, 3-7> 1-2, 0.0 tons. 
Prob. 58. For panels on left of middle, max. = + 76.0, 
f 5^-7, + 43 A + 290, + 16.7; min. = + 16.0, + 10.3, + 3.0, 

— 6.0, — 16.7 tons. 

Prob. 60. Panels Nos. 3 and 4 need counter ties. 

Prob. 61. For verticals, max. = + 35.0, + 26.8, + 194, 
+ 12.7, + 7.9 ; min. = + 84, + 4-S> + 0.7, + 0.7, + 0.7. For 
main struts, max. = — 51.8, — 41.2, — 31.4, — 22.5, — 144; 
min. = — 13.0, — 9.2, — 4.6, 0.0, 0.0. For counters, max. = 

— 0.9, — 7.2 tons. 

Prob. 62. Chords and verticals = 5.0 max. and i.o min. 
Counters = + i .9 max. and 0.0. min. 

Prob. 63. Be = -{- 8.3 max, 0.0 min. C6 = + 7.3 max., 0.0 
min. Cc ==: -{• 9.4 max., + 0.2 min. 6c = + Soo max., + 12.5 
min. BC=^ — 53.2 max., 13.3 min. 

Arts 38 and 39. Refer to Part II, Arts. 35 and 36. 

Ai t. 40, Fig. 52. These stresses are slightly too large ; the 
correct values for the lower chord arc 41. 1, 45.9, 47.3 tons. 

Prob. 66. Lower chords = 4.05, 4.05, 7.09, 9.12, 10.13. Ver- 
ticals = -|- 1.35, — 2.70, — 1.3s, — 0.0. Diagonals = -- 6.75, 
+ 5.06, + 3.38, + 1.69, 0.0 tons. 

Prob. 6^. For upper lateral system with a wind panel load of 
0.9 tons the stresses are : for chords = 2.95, 5.06, 6.32, 6.75 ; for 
lateral struts = 3.15, 2.36, 1.69, 1.13 ; for diagonals = 4.32, 3.24. 
2.31, 1.54 tons. 
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Prob. 68. Max. F; = + 10.5, T, = — 27.2, F^ = — 17.5, 
P^ = — 8.5 tons. Min. V^ = + 3.3, f^, = — 10.7. F, = — 6.0, 
r^ = — 1.4 tons. 

Prob. 70. About 1.8 inches. 

Prob. 71. Each truss weighs about 151 000 pounds for a single 
track bridge. 

Prob. 72. Four spans will be most economical. 

Prob. 73. Train panel load per truss = 9.8 short tons. Loco* 
motive panel load per truss = 19.75 tons. 

Prob. 74. About 3.2 and 1.2 for single track bridges. 

Prob. 75. Let the depth of truss be 16 feet and the panel 
length 12 feet. Then lower chord stresses = 6.75, 6.75, 15.75, 
15.75, 18.75. Upper chords = 12.0, 18.0. Sub-verticals = 2.0. 
Diagonals = — 11.25, + 8.75, — 6.25, + 3.75, — 1.25 tons. 

Prob. 80. Chord = 112.5 max., 13.1 min. Bd == Dd = 24.0 
max., 2.0 min, Cc = 36.0 max., 4.0 min. Ba t=: Be = Dc =s 
= De = 14. 1 max., 1.2 min. Ca = Ce = 28.8 max., 3.2 min. 
Ea = £/ = 88.9 max., 10.8 min. Ee = 66.0 max., 8.0 min. 

Prob. 81. One-eighth to /and seven-eighths to a. How? 

Prob. 84. Maximum 5^ = + 107 475, 5^ = — 103 200, S^ = 
+ 65 960, S^ = — 61 690, 5y = -f 30 830. Minimum ^3 = 
+ 24 600, 5^ = — 20 325, 5^ = + 2 21O, 5g = + 2 060, Sj =r. 
— 26550. By comparing these with the values found by the 
usual method in Art. 34 it is seen that the minimum stresses are 
increased and the maximum stresses decreased by the same 
amount. 

Prob. 88. Shears for the seven panels = 54.6, 43.8, 33.1, 22.3, 
13.0, 5.5, I.I tons. 

Prob. 89. Upper chord stresses = 27.3, 72.8, 103.4, and 111.5 
tons. 

Prob. 90. Reactions = 63.17 and 23.44 tons. Maximum 
moment for center of span = i 979.5 tons-feet 
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Prob. 91. For the last wheel and the beginning of the train 
load the distances are 103 and 106 feet, the weights 176 and 176 
tons, and the moments 9 132 and 9 660 tons-feet 

Prob. 93. Upper chords = 82.8, 205.2, 297.0, 358.2, 383.4. 
Lower chords = 100.8, 228.6, 320.4, 376.2, 4014, Aa = 

— 106.2, 5a = — 142.6, C<J = — 117.1, Dc = — 94.2, Ed = 

— 71.3, Fe = — 50.9, £/=-- 30.5 tons. 

Prob. 96. Maximum sfresses are: BC =^ cd ^=i 103.2, CD = 
de = 123. 1, D£ = EF= 127.1, FG = e/= 115.2, GH ^=^fg 
= i37-3> ^* = 53-9» ^^ = 58.6, gA = 54.6, A^ = 57.8, Ba = 89.1. 
B6 = 22.5, Be = 69.0, Cc = 34.7, Cd = 41.9, Dc = 8.9, Dd 
= 20.0, De = 23.5, £d = 16.9, Ee = 14.8, jE;^ = 12.6, Fe = 
32.3,^= 27.1, G^^= 52.0, Gg- = 42.7, 1/^ = 67.8, HA = 174, 
^ife = 95.6 short tons. 

Prob. 97. The width of the truss between chord centers is 16 
feet. Wind stresses are: 6A = 15.4, cg'= 11.7, df= 8.4, ee = 
5.7, aA = 23.7, dg- = 15.3, c/= 10.8, de = 7.1, /^ = 8.6, gd = 
12.8, Ac = 17.7, >6^ = 20.2 tons. 
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Absolute maximum moment, i68 
Ambiguous stresses. i6, 8i, 145 
Ancient bridges, 1 52 
Apex loads, 5, 19, 34 
Arch bridges, 173 

roof trusses, 171 
Ashtabula bridge, 75, 162 

Baltimore truss, 87, 126 

Beam bridges, 172 

Bent, 127 

Bicycle wheel, 133 

stiff spokes, 149 
tensile spokes, 134 

Bollman truss, 84. 1 52 

Bowstring truss, 59, 61, 157, 161 

Braces, 2, 34 

Bridge arches, 174 

trusses, 24-118, 1 51-174 

Burr truss, 37, 53. 154 

Burr, Theodore, i 53 

Cantilever arm, 1 19, 142 

bridges, 173 
Classification of bridges, 172 

roofs, 168 
Chord increments, 42 

stresses, 41, 46, 103 
Chords, 2, 34 
Columns, 30, 129, 131 
Combination truss, 38, 155 
Concentrated load, 94, 96 
Continuous bridges, 172 
trusses, 34 



Counter braces, 52, 53, 154 

ties, 56 
Crane truss, 1 20 
Crescent truss, 27, 170 
Critical notes, 1 5 1 

Dead loads, 3, 35, 72 

load stresses, 14, 43 
Deck bridge, 34, 155 
Definitions, i, 34 
Deflection of trusses, 136-144 

dynamic, 144 

examples, 140, 142 

for full load, 137 

for single load, 139 
Design for bridge trusses, 70 

roof trusses, 32 
Details, 38, 155 
Double intersections, 64 

systems, 76, iii, 113, 159 
Drawbridges, 122, 172 
Dynamic deflection, 144 

Economic depth, 163 
Economy of material, 1 58 
Ends of trusses, 17 
Equilibrium, 7, 11 
Equivalent uniform loads, 112 
Evolution of bridge trusses, 1 1 1 

roof trusses, 169 
Excess loads, 94, 96 
External forces, 6 

work, 136 
Ferris wheel, 132, 147 
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Fink truss, 17, 85, 153, 162, 170 
Flexural stress, i , 28, 29 
Floor beams, 35, 160 
system, 71, 117 

Graphic statics, 27 
Greatest stresses, 58, 118 

Highway bridge trusses, 34-70 
Historical literature, 163 

notes, 1 51-174 
Howe truss, 37, 75, 145, 155 
Howe, William, 154 

Impact, 74, 144 
Initial tension, 118 
Internal stresses, 6, 136 
work, 136, 145 
Investigation. 31, 70 

Joints, 1 , 34 
Jones truss, 75, 162 

Kinds of truss, 37, 75, 162 
King post truss, 37, 38, 152, 164 

Lateral bracing, 34, 65, 117 

Lattice girder, 115 

Least work, 145 

Lenticular truss, 63, 162 

Lever arms, 10, 13, 121 

live Loads, 44. 72, 94, 99, 107 

Locomotive loads, 99, 100, 103, 106 

Long, S. H., 154 

Manufacture, 158 

Maximum moment, 47, 103, 167 
shears, 49, 91, 100 
stresses, 25, 58,66, 115 

McCullom truss, 162 

Mimimum stresses, 26, 58 

Miscellaneous trusses, 119-135 



Modem progress, 160 

Moments, absolute maximuns. 168 

method of, 8 

wheel loads, 103 

Normal wind pressure, 19 

Palmer, Timothy, 153 

Panel load» 6, 73 

Panels, 34, 53, 1 53 

Parabolic bowstring truss, 61 

Pegram truss, 125, 171 

Permanent load, 14 

Pettit truss, 126, 161 

Plate girders, 75, 165 

Post truss, 89, 162 

Posts, 2 

Pratt truss, 38, 53, 155, 149, 145. ^55 

Principle of least work, 145 

Purlins, 3. 4, 28. 

Quadruple system, 115 
Queen post truss, 37, 152 

Rafters, i, 3, 4, 168 

Railroad bridge trusses, 7i-ti8 

Range of stresses, 58, 74 

Reactions, 5, 20 

Redundant systems, 145 

Resolution of forces, 1 1 

Rider truss, 161 

Roof trusses, 1-33, 168 

Rockers, 18 

Rolling load, 44, 72, 94 

Simple drawbridge, 122 
trusses, 34, 151 
Snow loads, 4, 64, 73 
Shears, 39, 48, 49» 9^ '«> 
Shingling, 3, 4 
Specifications, 33, 73 
Stresses by moments, 9 

due to dead load, 14 

in chords, 39 
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Stresses in webbing, 41 
in verticals, 56 
Stringers, 35, 159 
Struts, 2, 152 
Sub- verticals, 75, 160 
Suspension bridges, 173 

Tabulation for wheels, 106 
Timber trusses, 3, 38, 152, 169 
Through bridges, 34 
Tower, trussed, 130 
Town truss, 162 
Triangular truss, 24, 38, 160 
Train load, 73 
True shears, 91 
Truss, defined, i, 34 
Trussed bent, 127 

purlin, 28 

tower, 130 
Triple system, 115 
Tubular bridges, 165 
Typical locomotive, 99 
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Vertical shears, 39, 48 
struts, 38, 156 
ties, 37, 155 

Warren truss, 38, 51, 75, 160 
deflection of, 141 
double system, 78, 113 
Webbing, 34, 39, 51, 54 
Weight of highway bridges, 36 
railroad bridges, 72 
roof covering, 4 
roof trusses, 3 
Whipple, Squire, 156 
Whipple truss, 75, 81, 145, 159 
Wind load, 4, 18, 73 
on towers, 128 
stresses, 22, 23, 65, 69, 118 
Work of stresses, 1 36 



A HBXT-BOOK ON ROOFS AND BRIOQES. 

BY 

Itarasaoss MERRIMAN and JACOBt. 

PART I. 

STRESSES IN SIMPLE TRUSSES. 

Fifth Edition, Octavo, Cloth, Price $2.$^ 

CONTENTS : 

'Chap. I. — Stresses in Roof Trusses. 
II. — Highway Bridge Trusses. 

III. — Railroad Bridge Trusses. 

IV. — Miscellaneous Trusses. 

V. — Deflection and Internal Work. 
VI. — Historical and Critical Notes. 

The present edition is especially worthy of comment for its improved 
appearance and somewhat reduced bulk. In the earlier editions each alter- 
nate page was left blank for students^ notes and solutions of problems. 
In the present edition these blank pages have been omitted and their place 
has been in part taken up by the addition of three new chapters. Thes' 
latter cover special forms of trusses; such as the crane, drawbridge, and 
Pegnun trusses, trussed bents, towers, etc. ; the deflection and internal 
work of trusses, the panel principle, modern lines of progress, economic 
depth, etc. These three new chapters are in themselves worth the price of 
the entire volume." — Engineering News, 

PUBLISHED BY 

JOHN WILEY & SONS. 43 & 45 East Nineteenth St., New York 
CHAPMAN & HALL, Limited, London. 

Copies forwarded Postpaid on receipt of the Price. 



A TEXT-BOOK ON ROOFS AND BRIDOES. 

BY 

Professors MERRIMAN and JTACGBV^ 

« 

PART II. 

GRAPHIC STATICS. 

Third Edition, Octavo, Cloth, Price 12.50. 

CONTENTS : 

Chap. I. — Principles and Methods. 
II. — Analysis of Roof Trusses. 

III. — Bridge Trusses. 

IV. — Locomotive Wheel Loads. 

V. — Trusses with Broken Chords. 
VI. — Miscellaneous Trusses. 
VII. — Elastic Deformation of Trusses. 

This edition contains nearly double the matter of former ones, and 
also two new plates. The determination of the positions of locomotive 
wheel loads which produce maximum stresses, has been reduced to the 
same simple operation of stretching a thread over a load line for trusses 
with curved chords as for those with horizontal chords. In order to reduce 
the analysis of stresses to its simplest form and to economize labor in the 
practical application, a special effort has been made to use such combina- 
tions of improved graphic methods as are best adapted to modern t3rpes of 
trusses, to arrange the tables in convenient form, and occasionally to replace 
intermediate graphic operations by computation. 
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A TEXT-BOOK ON ROOFS AND BRIOOES. 

BY 

Professors MERRIMAN and JAOOBY. 

PART III. 

BRIDGE DESIGN. 

Fourth Edition, Octavo, Cloth, Price 12.5a 

CONTENTS : 

Chap. I. — History and Literature. 

II. — Principles of Economic Design. 

III. — Bridge Contracts and Ofhce Work. 

IV. — Bridge Shops and Shop Practice. 
V. — Tables and Standards. 

VI. — Details of Plate-girder Bridges. 
VII. — Design of a Pijvte-girder Bridge. 
VIII. — Details of Railroad Pin Bridges. 
IX. — Design of a Pin Truss Bridge. 
X. — Design and Detailing of a Highway Bridge. 
XI. — Railroad Riveted Bridges. 

This edition has been entirely rewritten in order to bring the subject folly 
tip to date. The new designs of girders and simple trusses conform to the 
latest specifications and the best practice, and numerous new standard details 
are described. Compared with the third edition the number of pages has 
been increased from 319 to 374 and the number of cuts from 57 to 149, of 
which 20 are full-page illustrations ; the number of folding plates is the same, 
but all of these are new. 
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A TEXT-BOOK ON ROOFS AND BRIDQBS. 

vt 
VlORSiOBS HERRIMAN akd JAOOBV. 

PART IV. 

HIGHER STRUCTURES. 

Second EDmoN, Octavo, Cloth, Price $2.$o. 

CONTENTS: 

Chap. I. — Continuous Bridges. 
II. — Draw Bridges. 

III. — Cantilever Bridges. 

IV. — Suspension Bridges. 
V. — Three-Hinged Arches. 

VI. — Two-Hinged Arches. 
VII. — Arches without Hinges. 

In this v<(^ttme partially continuous swing bridges are thoroughly discussed,, 
and an exact method given of finding the true reactions and stresses. The- 
cantilever and suspension systems are treated more fully than is usual in 
American books, and critical analyses are given regarding the limitations of 
the theory and economic proportions. Arches are treated in detail under 
different loadings, and the stresses for several cases are derived by simple 
graphic constructions. Throughout the attempt has been made to present 
the subject concisely and clearly, to incite interest by giving historical infor- 
mation, and to illustrate the theory by many numerical examples. 
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AGRICULTURE. 

Armsby's Manual of Cattle-feeding zamo, Sz 75 

Principles of Animal Nutrition 8vo, 4 00 

Budd and Hansen's American Horticultural Manual: 

Part I. — Propagation, Culture, and Improvement iimo, i 50 

Part 11. — Systematic Pomology i2mo, i 50 

Downing's Fruits and Fruit-trees of America 8vo, 5 00 

Elliott's Engineering for Land Drainage zamo, z 50 

Practical Farm Drainage i2mo, z 00 

Green's Principles of American Forestry. (Sfiortly.) 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.) z2mo, 2 00 

Kemp's Landscape Gardening z2mo, 2 50 

Maynard's Landscape Gardening as Applied to Home Decoration z2mo, z 50 

Sanderson's Insects Injurious to Staple Crops > Z2mo, z 50 

Insects Injurious to Garden Crops. (In preparation,) 
Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soils 8vo, 2 50 

Woll's Handbook for Farmers and Dairymen z6mo, z 50 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings Z2mo, 2 50 

Berg's BttUdings!and Structures of American Railroads 4to, 5 00 

Birkmire's Planning and Construction of American Theatres 8vo, 3 00 

Architectural Iron and Steel 8vo, 3 50 

Compound Riveted Girders as Applied in Buildings 8vo, 2 00 

Planning and Construction of High Office Buildings 8vo, 3 50 

Skeleton Construction in Buildings 8vo, 3 00 

Briggs's Modern American School Buildings 8vo, 4 00 

Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 3X50 

Fireproofittg of Steel Buildings 8vo, 2 50 

French and Ives's Stereotomy 8vo, a 50 

Gerhard's Guide to Sanitary House-inspection z6mo> i 00 

Theatre Fires and Panics Z2mo, z 50 
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Hfttfleld's American House Carpenter 8vo, 

Holly's Carpenters' and Joiners' Handbook , ., ., z8mo, 

Johnson's Statics by Algebraic and Graphic Methods 8to, 

Kidder's Architect's and Builder's Pocket-book z6mo, morocco, 

Merrill's Stones for Building and Decoration v Svo, 

Monckton's Stair-building 4to, 

Patton's Practical Treatise on Foundations 8to, 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 

Snow's Principal Species of Wood 8vo, 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 
(Sharay.) 

Wait's Engineering and Architectural Jurisprudence 8yo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8yo, 

Sheep, 

Law of Contracts 8yo, 

Woodbury's Fire Protection of Mills 8vo, 

Worcester and Atkinson's Small 'Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital. 

zamo. 
The World's Columbian Exposition of 1893 Large 4to, 

ARMY AND HAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule lamo, a 50 

* Bruff's Text-book Ordnance and Gxinnery 8vo, 6 00 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Craig's Azimuth 4to, 3 50 

Crehore and Squire's Polarizing Photo-chronograph 8vo, 3 00 

Cronkhite's Gunnery for Non-commissioned Officers 34mo. morocco, a 00 

* Davis's Elements of Law 8vo, a 50 

* Treatise on the Military Law of United States 8yo, 7 00 

» Sheep 7 50 

De Brack's Cavalry Outpost Duties. (Carr.) a4mo, morocco, a 00 

Dietz's Soldier's First Aid Handbook i6mo, morocco, z as 

* Dredge's Modem French Artillery 4to, half morocco, zs 00 

Durand's Resistance and Propulsion of Ships 8vo, 5 00 

* Dyer's Handbook of Light Artillery lamo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, a 00 

Hamilton's The Gunner's Catechism z8mo, z 00 

* Hoff*s Elementary Naval Tactics 8vo, z 50 

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

* Ballistic Tables 8vo, z 50 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II . . 8vo, each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 50 

Manual for Courts-martial z6mo morocco, z 50 

* Mercur's Attack of Fortified Places zamo, a 00 

* Elements of the Art of War 8vo, 4 00 

Metcalf's Cost of Manufactures — And the Administration of Workshops, Public 

and Private 8vo, 5 00 

* Ordnance and Gunnery zamo, 5 00 

Murray's Infantry Drill Regulations z8mo, paper, zo 

* Phelps's Practical Marine Surveying Svo, 1 a 50 

Powell's Army Officer's Examiner zamo, 4 00 

Sharpe's Art of Subsisting Armies in War z8mo, morocco, z 50 
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* Walke'8 Lectures on Explosives 8to, 4 00 

* Wheeler's Siege Operations and Military Mining 8vo, 2 00 

Winthrop's Abridgment of Military Law z2mo, 2 50 

WoodhuU's Notes on Military Hygiene i6mo, z 50 

Young's Simple Elements of Navigation z6mo, morocco, z 00 

Second Edition, Enlarged and Revised i6mo, morocco, 2 00 



ASSAYIHG. 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

x2mo, morocco,^ 

Furman's Manual of Practical Assaying . . .8vo, 

Miller's Manual of Assaying x2mo, 

O'Drbcoll's Notes on the Treatment of Gold Ores 8vo, 

Ricketts and Miller's Notes on Assaying 8vo, 

Ulke's Modem Electrolytic Copper Refining 8vo, 

Wilson's Cyanide Processes x2mo, 

Chlorination Process i2mo. 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hajrford's Text-book of Geodetic Astronomy 8vo> 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy x2mo« 2 00 



BOTANY. 

• 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

i6mo, morocco, i 25 

Thom^ and Bennett's Structural and Physiological Botany z6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 



CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables i2mo, i 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (MandeL) (/n preparation.) 

Austen's Notes for Chemical Students i2mo, i 50 

Bernadou's Smokeless Powder. — Nitro-cellulose, and Theory of the CeUulose 

Molecule X2mo, 2 50 

Bolton's Quantitative Analysis 8vo, i 50 

* Browning's Introduction to the Rarer Elements 8vo, z 50 

Brush and Penfield's Manual of Determinative Mineralogy 8vo« 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.) 8vo, 3 00 

Cohn's Indicators and Test-papers X2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Copeland's Manual of Bacteriology. (In preparation,) 

Craft's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . . .i2mo, 2 00 

Drechsel's Chemical Reactions. (Merrill) lamo, z 25 

Duhem's Thermodynamics and Chemistry. (Burgess.) (Shortly,) 

Eissler's Modern High Explosives 8vo, 4 00 
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Effront's Enzirmes and their Applicatioiu. (Prescott) 8to, 3 00 

Erdnuum's Introduction to Chemical Preparations. (Dunlap.) lamo, z 35 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

z2mo, morocco, i 50 

Fowler's Sewage Works Analyses lamo, a 00 

Fresenius's Manual of Qualitatiye Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Parti. Descriptive. (Wells.) 

8vo, 3 00 

System of Instruction in Quantitative Chemical Analysis. (Cohn.) 
2 vols. iShortly.) 

Fuertes's Water and Public Health lamo, z 50 

Furman's Manual of Practical Assaying 8vo, 3 oa 

Gill's Gas and Fuel Analysis for Engineers ianio» z as 

Grotenfelt's Principles of Modem Dairy Practice. ( WoU.) larno, a 00 

Hammarsten's Text-book of Physiological Chemistry. (MandeL) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry, (Morgan.) lamo. z 50 

Hinds's Inorganic Chemistry 8vo, 3 00 

* Laboratory Manual for Students iamo» 75 

HoUeman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, a 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, a 50 

Hopkins's OU-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron Svo, a 50 

Ladd's Manual of Quantitative Chemical Analysis zamo. z 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) zamo, z 00 

Leach's The Inspection and Azialysis of Food with Special Reference to State 

ControL (In preparation.) 

Ldb's Electrolysis and Electrosynthesis of Organle Compounds. (Lorenz.) zamo, z 00 

Mandel's Handbook for Bio-chemical Laboratovy zamo, z 50 

Mason's Water-supply. (Considered Prineipally from a Sanitary Standpoint. ) 

3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and Bacteriological.) zamo, z 25 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.), .zamo, zoo 

Miller's Manual of Assaying zamo, z 00 

Mixter's Elementary Text-book of Chemistry zamo, z 50 

Morgan's Outline of Theory of Solution and its Results zamo, z 00 

Elements of Physical Chemistry zamo, a 00 

ITichols's Water-supply. (Considered iziainly from a Chemical and Sanitary 

Standpoint, Z883.) 8vo, a 50 

O'Biine's Laboratory Guide in Chemical Analysis 8vo, a 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, a 00 

Ost and Kolbeck's Text-book of Chemical Technology. (Lorenz — Bozart.) 
(In preparation.) 

* Penfield's Notes on Deterzninative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Pictet's The Alkaloids and their Chemical Constitution; (Blddle.) (In 
preparation.) 

Pinner's Introduction to Organic Chemistry. (Austen.) zamo, z 50 

Poole's Calorific Power of Fuels 8vo. 3 00 

* Reisig's Guide to Piece-dyeing Svo, as 00 

Richards and Woodman's Air , Water , and Food from a Sanitary Standpoint . 8vo , a 00 

Richards's Cost of Livizig as Modified by Sanitary Science zamo, z 00 

Cost of Food, a Study in Dietaries zamo, z 00 

* Richards and Williams's The Dietary Computer 8vo, z so 

Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part I. — 

Non-metallic Elements.) 8vo, morocco, 7s 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 so 

4 



Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Schimpf s Text-book of Volumetric Analysis i2mo» 2 50 

Spencer's Handbook for Chemists of Beet-sugar Houses. x6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists. . i6mo, morocco, a 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Elementary Lessons in Heat 8vo, i 56 

* Descriptive General Chemistry 8vo 3 00 

Treadwell's Qualit|tiye Analysis. (HalL) 8to, 3 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deyenter's Physical Chemistry for Beginners. (Boltwood.) 12 mo, i 50 

* Walke's Lectures on Explosives 8vo, 4 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis Svo, i 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo, z 50 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wiechmann's Sugar Analysis Small 8vo, a 50 

Wilson's Cyanide Processes Z2mo, z 50 

Chlorination Process x2mo, i 50 

Wulling's Elementary Course in Inorganic Pharmaceutical and Medical Chem- 
istry i2mo, a 00 



CIVIL BNGIlTEERnVO. 

BRIDGES AND ROOFS. HYDftAUUCS. MATERI^ILS OF ENGHfEERING. 

RAILWAY ENGHIBSRING. 

Baker's Engineers' Surveying Instruments z2mo, 3 00 

Bixby's Graphical Computing Table Paper, zq^ X 24I inches. 25 

** Burr's Ancient and Modem Enfrineering and the Isthmian CanaL (Postage, 

27 cents additional.) 8vo, net, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Davis's Elevation and Stadia Tables 8vo, z 00 

Elliott's Engineering for Land Drainage i2mo, x 50 

Practical Farm Drainage z2mo, z 00 

Folwell's Sewerage. (Designing and Maintenance.).^ 8vo, 3 00 

Freitag's Architecttiral Engineering. 2d Edition, Rewritten Svo, 3 50 

French and Ives's Stereotomy Svo, 2 50 

Goodhue's Municipal Improvements z2mo, z 75 

Goodrich's Economic Disposal of TovAxa* Refuse Svo, 3 50 

Gore's Elements of Geodesy Svo, 2 50 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Howe's Retaining Walls for Earth i2mo, z 25 

Johnson's Theory and Practice of Surveying Small Svo, 4 00 

Statics by Algebraic and Graphic Methods Svo, 2 00 

Kiersted's Sewage Disposal lamo, z 25 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) lamo, 2 00 

Mahan's Treatise on Civil Engineering. (z873*) (Wood.) Svo., 5 00 

* Descriptive Geometry Svo, x 50 

Merrlman's Elements of Precise Surveying and Geodesy Svo, 2 50 

Elements of Sanitary Engineering Svo, 2 00 

Merriman and Brooks's Handbook for Surveyors i6mo, morocco, 2 00 

Nugent's Plane Surveying Svo, 3 50 

Ogden's Sewer Design i2mo, 2 00 

Patton's Treatise on Civil Engineering Svo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's^ewage and the Bacterial Purification of Sewage Svo, 3 50 

Siebert and Biggin's Modem Stone-cutting and Masonry Svo, z 50 

Smith's Manual of Topographical Drawing. (McMillan.). . . -. Svo, 2 so 
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tondericker's Graphic Statics, with Applications to Trusses, Beams, and 
Arches. (ShorUy.) 

* Tratitwine*s Ciyil Engineer's Pocket-book i6mo, morocco, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

' Sheep, 

Law of Contracts 8vo, 

Warren's Stereotomy — Problems In Stone-cutting 8vo, 

Webb's Problems in the U^e and Adjustment of Engineering Instruments. 

i6mo, morocco, 

* Wheeler's Elementary Course of Civil Engineering 8vo, 

Wilson's Topographic Surveying. 8vo, 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .Svo, 2 00 

* Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges Svo, 3 50 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, xo 00 

Foster's Treatise on Wooden Trestle Bridges. . . ^ 4to, 5 00 

Fowler's Coffer-dam Process for Piers Svo, 2 50 

Greene's Roof Trusses Svo, i 25 

Bridge Trusses Svo, 2 50 

Arches in Wood, Iron, and Stone Svo, 2 50 

Howe's Treatise on Arches Svo 4 00 

Design of Simple Roof-trusses in Wood and Steel Svo, 2 00 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. — Stresses in Simple Trusses Svo, 2 50 

Part n. — Graphic Static» Svo, 2 50 

Part in. — Bridge Design. 4th Edition, Rewritten Svo, 2 50 

Part IV. — Higher Structures Svo, 2 50 

Morison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . . x6mo, morocco, 3 00 

Specifications for Steel Bridges i2mo, i 25 

Wood's Treatise on the Theory of the Construction of Bridges and Roofs. Svo, 2 00 
Wright's Designing of Draw-spans: 

Part I. — Plate-girder Draws Svo, 2 50 

Part n. — Riveted-truss and Pin-connected Long-span Draws Svo, 2 50 

Two parts in one volume Svo, 3 50 



HYDRAULICS. 

Bazin's Experiments upon the Contraction of the Liqxiid Vein Issuing from an 

Orifice. (Trautwine.) Svo, 2 00 

Bovey's Treatise on Hydraulics Svo. 5 00 

Church's Mechanics of Engineering Svo, 6 00 

Diagrams of Mean Velocity of Water in Open Channels paper, i 50 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 2 50 

Flather's Dynamometers, and the Measurement of Power x2mo, 3 00 

Folwell's Water-supply Engineering Svo, 4 00 

Frizell's Water-power Svo, 5 00 

6 



Fuertes's Water and Public Health zamo, z 50 

Water-filtration Works lamo, 2 50 

Gansuillet and Kutter's General Formula for *the Uniform Flow of Water in . 

Rivers and Other Channels. (Bering and Trautwine.) Svo, 4 00 

Hazen's FUtration of Public Water-supply 8vo, 3 00 

Hazlehursf s Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal] 

Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 3d Edition, Rewritten 8vo, 4 00 

Merriman's Treatise on Hydraulics. 9th Edition, Rewritten 8vo, 5 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 'bo 

♦* Thomas and Watt's Improvement of Riyers. (Post., 44 c. additional), 4to, 6 00 

Tumeaure and Russell's Public Water-supplies 8vo. 5 00 

Wegmann's Desiim and Construction of Dams 4to, 5 00 

Water-sunnlv of the City of New York from 1638 to 1895 4to, 10 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.) 8vo, 5 00 

Wilson's Manual of Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover ♦.8vo, 3 00 

Wood's Turbines 8vo, 2 50 

Elements of Analytical Mechanics 8vo, 3 00 



MATERIALS OF j^ENGINEERING. 

Baker's Treatise on Masonry Construction 8vo, 

Roads and Pavements 8vo, 

Black' s United States Public Works Oblong 4to, 

iSovey's Strength of Materials and Theory of Structures 8vo, 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edi- 
tion, Rewritten 8vo, 

Byrne's Highway Construction 8vo, 

Inspection of the Materials and Workmanship Employed in Construction. 

x6mo. 

Church's Mechanics of Engineering 8vo, 

Du Bois's Mechanics of Engineering. VoL I Small 4to, 

Johnson's Materials of Construction Large 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

lierriman's Text-book on the Mechanics of Materials . . , 8vo, 

Strength of Materials i2mo, 

Metcalf 's Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Foundations 8vo, 

Rockwell's Roads and Pavements in France lamo, 

Smith's Wire : Its Use and Manufacture Small 4to, 

Materials of Machines zamo. 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement i2mo. 

Text-book on Roads and Pavements lamo, 

Thurston's Materials of Engineering. 3 Parts 8vo, 

Part I. — Non-metallic Materials of Engineering and Metallurgy 8vo, 

Part n. — ^Iron and Steel 8vo, 

Part III. — A Treatise on Brasses, Bronzes, and Other AUosrs and their 

Constituents 8vo, 2 $» 
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Thurston's Text-book of the Materials oQConstruction] 8vo, 5 00 

TiUson's Street Pavements and Paving Bfateriab 8vo» 4 00 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.) . . i6mo, mor., 3 00 

Specifications for Steel Bridges xamo, z 25 

Wood's Treatise on the Resistance of Materials, andean Appendix on the Pres- 
ervation of Timber 8vo, 2 00 

Elements of Analytical Mechanics 8vo, 3 00 



RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers. 3X5 inches, morocco, i 35 

Berg's Buildings and Structures of American Railroads 4tOf 5 00 

Brooks's Handbook of Street Railroad Location z6mo» morocco, i 50 

Butts's Civil Engineer's Field-book z6mo, morocco, 2 50 

Crandall's Transition Curve i6mo, morocco, i 50 

Railway and Other Earthwork Tables 8vo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 4 00 

Dredge's History of the Pennsylvania Railroad: (1879) Paper, 5 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills, 4to, half mor., 25 00 

Fisher's Table of Cubic Yards Cardboard* 35 

Godwin's Railroad Engineers' Field-book and Explorers' Guide z6mo, mor., a 50 

Howard's Transition Curve Field-book i6mo, morocco, z 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, z 00 

Molitor and Beard's Manual for Residmt Engineers z6mo. z 00 

Nagle's Field Manual for Railroad Engineers x6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers z6mo, morocco, 3 00 

Pratt and Alden's Street-railway Road-bed 8vo, 2 00 

Searles's Field Engineering z6mo, morocco, 3 00 

Railroad Spiral. z6mo, morocco, z 50 

Taylor's Prismoidal Formulse and Earthwork 8vo, z 50 

* Trautwine's Method of Calculating the Cubic Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

* . The Field Practice of Laying Out Circular Curves for Railroads. 

zamo, morocco, a 50 

* Cross-section Sheet Paper, as 

Webb's Railroad Construction, ad Edition, Rewritten z6ino. moro cco,_5 o p 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 



\ 



DRAWING. 



Barr's Kinematics of Machinery 8vo, a 50 

* Bartlett's Mechanical Drawing 1. 8vo, 3 00 

Coolidge's Manual of Drawing 8vo, paper, z 00 

Durley's Kinematics of Machines 8vo, 4 00 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, a 00 

Jones's Machine Design: 

Part I. — Kinematics of Machinery 8vo, z 50 

Part n. — Form, Strength, and Proportions of Parts 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics; or, Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, z 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, x 50 

Industrial Drawing. (Thompson.) 8vo, 3 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 
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Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Draining and Elementary Machine Design . . 8vo, 

Robinson's Principles of Mechanism .Sro, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing . . lamo, 

Drafting Instruments and Operations zamo. 

Manual of Elementary Projection Drawing zamo. 

Manual of Elementary Broblems in the Linear Perspective of Form and 

Shadow lamo, 

Plane Problems in Elementary Geometry lamo, 

Primary Geometry zamo, 

Elements of Descriptive Geometry, Shadows, and Per^Mctive 8vo, 

General Problems of Shades and Shadows '. . . .8vo, 

Elements of Machine Construction and Drawing 8vo, 

Problems, Theorems, and Examples in Descriptive Geometry 8vo, 

Weisbach's Kinematics and the Power of Transmission. (Hermann and 

Klein.) 8vo, 

Whelpley's Practical Instruction in the Art of Letter Engraving zamo, 

Wilson's Topographic Surveying Svo, 

Free-hand Perspective Svo, 

Free-hand Lettering. (In preparation.) 
Woolf's Elementary Course in Descriptive Geometry Large Svo, 3 00 



ELECTRICITY AND PHYSICS. 

Anthony and Bra«kett's Text-book of Physics. (Magle.) Small Svo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measurements zamo, z 00 

Benjamin's History of Electricity Svo, 3 00 

Voltaic Cell Svo, 3 00 

Classen's Quantitative Chemical Analysis by Elect rolysis., (Boltwood.). . Svo, 3 00 

Crehore and Squier's Polariaing. Photo-chronograph 8vo,^ 3I00 

Dawson's ''Engineering" and Electric Traction Pocket-book. . z6mo, morocco, 4 00 

blather's Dynamometers, and the Measure ment of Power zamo, 3I00 

Gilbert's De Magnete. (Mottelay.) Svo, a 50 

Holman's Precision of Measurements Svo, a 00 

Telescopic Mirror-scale Method, Adjustments, and Tests.: . . .Large Svo, 75 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) zamo, 3 00 

LOb's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz.) zamo, z 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. Svo, each, 6 00 

* Michie. Elements of Wave Motion Relating to Sound and Light Svo, 4 00 

Niaudet's Elementary Treatise on Electric Batteries. (FishoacK. ) zamo, a 50 

* Parshall and Hobart's Electric Generators Small 4to. half morocco, zo 00 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.) Svo, z 50 

Ryan, Norris, and Hoxie's Electrical Machinery. (In preparation.) 

Thurston's Stationary Steam-engines Svo, a 50' 

* Tillman's Elementary Lessons in Heat Svo, z 50 

Tory and ditcher's Manual of Laboratory Physics Small Svo, a 00 



LAW. 

* Davis's Elements of Law Svo, a 50 

* Treatise on the Military Law of United States Svo, 7 00 

* Sheep, 7 50 
Mantuil for Courts-martial z6mo, morocco, z 50 
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Wait's Ensineerins and Architectural Jurisprudence 8vo, 6 oo 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep» 5 50 

Law of Contracts 8vo, 3 00 

Winthrop's Abridgment of Military Law " lamo, 2 50 



MANUFACTURES. 

Bernadou's Smokeless Powder — ITitro-celluIose and Theory of the Cellulose 

Molecule i2mo, 2 50 

Bolland's Iron Founder i2mo, 2 50 

" The Iron Founder," Supplement i2mo, 2 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding i2mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

EfiFront's Enzymes and their Applications. (Prescott.) 8vo, 3 00 

Fitzgerald's Boston Machinist i8mo, i 00 

Ford's Boiler Making for Boiler Makers i8mo, i 00 

Hopkins's Oil-chemists' Handbook 8to, 3 00 

Keep's Cast Iron 8vo, 2 50 

Leach's The Inspection c^nd Analysis of^Food with Special Reference to State 
ControL (/n jn'eparation.) 

Metcalf 's SteeL A Manual for Steel-users x2mo, 2 00 

Metcalfe's Cost of Manufactures — ^And the Administration of Workshops, 

Public and Private * 8vo, s 00 

Meyer's Modern Locomotive Construction ^. . . . .4to, 10 00 

* Reisig's Guide to Piec^-dyeing 8vo, 25 00 

Smith's Press-working, of Metals : .8vo, 3 00 

Wire : Its Use and Manufacture Small 4to, 3' 00 

Spalding's Hydraulic Cement i2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists. . . i6mo, morocco, 2 00 
Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 

* Walke's Lectures on Explosives 8vo, 4 00 

West's American Foundry Practice i2mo, 2 50 

Moulder's Text-book i2mo, 2 50 

Wiechmann's Sugar Analysis Small 8vo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, 2 50 



MATHEMATICS. 

Baker's Elliptic Fimctions 8vo, x 50 

* Bass's Elements of Differential Calculus z2mo, 4 00 

Briggs's Elements of Plane Analytic Geometry x2mo, i 00 

Chapman's Elementary Cotirse in Tfieory of Equations x2mo, x 50 

Compton's Manual of Logarithmic Computations ^ . z2mo, i 50 

Davis's Introduction to the Logic of Algebra 8vo, x 50 

* Dickson's College Algebra Large i2mo, x 50 

* Introduction to the Theory of Algebraic Equations Large i2mo, x 25 

Halsted's Elements of Geometry 8vo, x 75 

Elementary Synthetic Geometry 8vo, i 50 

'10 



* Johnson's Three-place Log^aiithmic Tables: Vest-pocket size paper, 15 

xoo copies for 5 00 

* Motinted on heavy cardboard, 8X10 inches, 25 

10 copies for 2 00 

Elementary Treatise on the Integral Calculus Small 8vo, i 50 

Curve Tracing in Cartesian Co-ordinates i2mo, i 00 

Treatise on Ordinary and Partial Differential Equations Small 8vo, 3 50 

Theory of Errors and the Method of Least Squares i2mo, i 50 

* Theoretical Mechanics i2mo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) i2mo, 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

Maurer's Technical Mechanics. (In preparation.) 

Merriman and Woodward's Higher Mathematics 8vo, 5 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus . Sm., 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical i2mo, i 00 

MECHAMCAL ENGINEERIirO. 

MATERIALS OF ENGUfEERING, STEAM-ENGINES AND BOILERS. 

Baldwin's Steam Heating for Buildings z2mo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

Benjamin's Wrinkles and Recipes i2mo, 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8vo, 

Clerk's Gas and Oil Engine SmaU 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Cromwell's Treatise on Toothed Gearing x2mo. 

Treatise on Belts and Pulleys i2mo, 

Durley's Kinematics of Machines 8vo, 

Flather's Djmamometers and the Meastirement of Power i2mo. 

Rope Driving i2mo. 

Gill's Gas and Fuel Analirsis for Engineers i2mo. 

Hall's Car Lubrication i2mo, 

Hutton's The Gas Engine. (In preparation.) 
Jones's Machine Design: 

Part I. — Kinematics of Machinery 8vo, 

Part II. — Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineer's Pocket-book i6mo, morocco, 

Kerr's Power and Power Transmission 8vo, 

MacCord's Kinematics; or, Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Poole's Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. .8vo, 

Richards's Compressed Air i2mo, 

Robinson's Principles of Mechanism 8vo, 

Smith's Press-working of Metals 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . Z2mo, 
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Warren's Elements of Machine Construction and Drawing 8yo, 7 5o 

Welsbach's Kinematics and the Power of Transmission. Herrmann — 

Klein.) 8vo, 5 00 

Machinery of Transmission and Goyemors. (Herrmann — Klein.)- Svo. 500 

Hydraulics and Hydraulic Motors, <Du Bois.) Svo, 5 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo. 2 50 

MATERIALS OF ENGUfEERING. 

Bovey's Strength ol liaterials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition, 

Reset 8vo, 

Church's Mechanics of Engineering 8to, 

Johnson'!! Materials of Construction Large Svo, 

Sleep's Cast Iron Svo. 

Lanza's Applied Mechanics Svo, 

Martens's Handbook on Testing Materials. (Henning.) Svo, 

Merriman's Text-book on the Mechanics of Materials Svo, 

Strength of Materials lamo, 

Metcalf's Steel. A Manual for Steel-users lamo 

Smith's Wire: Its Use and Manufacture Small 4to, 

Materials of Machines i2mo, 

Thurston's Materials of Engineering 3 vols. , Svo, 

Part n. — Iron and Steel Svo, 

Part m. — ^A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents. Svo, 

Text-book of the Materials of Construction Svo 

Wood's Treatise on the Resistance of Materials and an Appendix on the 
Preservation of Timber Svo, 

Elements of Analytical Mechanics Svo, 



STEAM-ENGmES AND BOILERS. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) lamo, 

Dawson's "Engineering" and Electric Traction Pocket-book. .T6mo, mor.. 

Ford's Boiler Making for Boiler Makers iSmo, 

Goss's Locomotive Sparks Svo, 

Hemenway's Indicator Practice and Steam-engine Economy lamo, 

Hutton's Mechanical Engineering of Power Plants Svo, 

Heat and Heat-engines Svo, 

Kent's Steam-boiler Economy Svo, 

Kneass's Practice and Theory of the Injector Svo, 

MacCord's Slide-valves Svo, 

Meyer's Modern Locomotive Construction 4to, 

Peabody's Manual of the Steam-engine Indicator i2mo. 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, 

Thermodynamics of the Steam-engine and Other Heat-engines Svo, 

Valve-gears for Steam-engines 8vo» 

Peabody and Miller's Steam-boilers Svo, 

Pray's Twenty Years with the Indicator Large Svo, 

Puphi's Thermodynamics of Reversible Cycles in Gases and Satitfated Vapors. 

(Osterberg.) lamo, 

Reagan's Locomotives : Simple, Compound, and Electric x2mo, a 

Rontgen's Principles of Thermodynamics. (Du Bois.) Svo, 

Sinclair's Locomotive Engine Running and Management lamo. 

Smart's Handbook of Engineering Laboratory Practice lamo. 

Snow's Steam-boiler Practice Svo, 

,12 
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Spangler's Valve-sears 8to» 

Notes on Thermodynamics xamo, 

Spangler, Greene, and Marshall's Elements of Steam-eacineering 8yo, 

Thurston's Handy Tables ^ 8vo, 

Manual of the Steam-engine ^ .a vols. 8vo, 

Part I. — ^History, Structuce, and Theory 8vo, 

Part n. — Design, Construction, and Operation 8vo, 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 

Stationary Steam-engines 8vo, 

Steam-boiler Explosions in Theory and in Practice xamo. 

Manual of Steam-boilers, Their Designs, Construction, and Operation. 8vo, 

Weisba,ch's Heat, Steam, and Steam-engines. (Du Bots.). 8vo, 

Whitham's Steam-engine Design 8vo, 

Wilson's Treatise on Steam-boilers. (Flather.) i6mo. 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . . .8vo, 



MECHAinCS AITD MACHIIfERY. 

Barr's Kinematics of Machinery 8vo, 2 so 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making i2mo, 2 50 

Chordal. — Extracts from Letters i2mo, 2 00 

Church's Mechanics of Engineering 8vo» 6 00 

Notes and Examples in Mechanics 8vo, 2 00 

Compton's First Lessons in Metal-working i2mo, i 50 

Compton and De Groodt's The Speed Lathe i2mo, x 50 

Cromwell's Treatise on Toothed Gearing i2mo, i 50 

Treatise on Belts and Pulle3rs lamo, x so 

Dana's Text-book of Elementary Mechanics for the Use of Colleges and 

Schools x2mo, x 50 

Dingey's Machinery Pattern Making i2mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of z8q3 4to, half morocco, 5 00 

Du Bois's £lement|U7 Principles of Mechanics : 

Vol. I. — Kinematics 8vo, 

Vol. n.— Statics 8vo, 

Vol. HI. — Kinetics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. n Small 4to, 

Durley's Kinematics of Machines 8vo, 

Fitzgerald's Boston Machinist i6mo, 

Flather's Dynamometers, and the Measurement of Power x2mo. 

Rope Driving i2mo, 

Goss's Locomotive Sparks 8vo, 

Han's Car Lubrication i2mo. 

Holly's Art of Saw Filing i8mo 

* Johnson's Theoretical Mechanics i2mo. 

Statics by Graphic and Algebraic Methods 8vo, 

Jones's Machine Design : 

Part I. — Kinematics of Machinery 8vo, 

Part n. — Form, Strength, and Proportions of Parts 8vo, 

Kerr's Power and Power Transmission 8vo, 

Lanza's Applied Mechanics 8vo, 

MacCord's Kinematics; or. Practical Mechanism 8vo, 

Velocity Diagrams 8vo, 

Maurer's Technical Mechanics. (In preparation,') 
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Merriman't Text-book on th« Mechanics of Materials Sto, 

* Michie't Elements of Analytical Mechanics 8to» 

Reacan's Locomotiyes: Simple, Compound, and Electric i2mo» 

Reid's Course in Mechanical Drawing Svo, 

Tezt-bo6k of Mechanical Drawing and Elementary Machine Design. .8to, 

Richards's Compressed Air lamo, 

Robinson's Principles of Mechanism 8vo, 

R]ran, Norris, and Hoxie's Electrical Machinery. (In preparation.) 

Sinclair's Locomotive-engine Running and Management z2mo, 

Smith's Press-working of Metals 8vo, 

Materials of Machines lamo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering Sto, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics. lamo, 

Warren's Elements of Machine Construction and Drawing 8yo, 

Weisbach's Kinematics and the Power of Tracsmission. (Herrmann — 
Klein.) 8vo, 

Machinery of Transmission and Governors. (Herrmann — Klein. ).8vo. 
Wood's Elements of Analjrtical Mechanics 8vo, 

Principles of Elementary Mechanics i2mo, 

Turbines 8vo, 

The World's Columbian Exposition of 1893 4to, 

METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

VoL I. — Silver 8vo, 7 SO 

VoL n. — Gold and Mercury .8vo, 7 So 

** Ues's Lead-smelting. (Postage 9 cents additional.) i2mo, 2 50 

Keep's Cast Iron 8vo, 2 so 

Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) . i2mo, 3 00 

Metcalf's SteeL A Manual for Steel-users i2mo, 2 00 

Smith's Materials of Machines i2mo, i 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part n. — Iron and Steel • 8vo, 3 so 

Part m. — A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2"so 

nike's[]Modem Electrolytic Copper Refining .8vo, '3 00 

MINERALOGY. 

• 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 so 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virginia Pocket-book form, 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 00 

Chester's Catalogue of Minerals 8vo, paper, i 00 

Cloth, I 25 

Dictionary of the Names of Minerals 8vo, 3 50 

Dana's Sjrstem of Mineralogy Large 8vo, half leather, 12 50 

First Appendix to Dana's New "System of Mineralogy." Large 8vo, i 00 

Text-book of Mineralogy 8vo, 4 00 

Minerals and How to Study Them * z2mo, i 50 

Catalogue of American Localities of Minerals Large 8vo, x co 

Manual of Mineralogy and Petrography x2mo, 2 00 

Egleston's Catalogue of Minerals and Synonyms 8vo, 2 so 

Hussak's The Determination of Rock-forming Minerals. (Smith.) Smal) 8vo, 2 00 
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* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, o 50 
Rosenbusch's Microscopical Physiosraphy of the Rock-making Minerals. 

(Iddings.) 8vo» 5 00 

* Tillman's Text-book of Important Minerals and Docks 8vo, 2 00 

Williams's Mannal of Lithology Svo, 3 00 



MINING. 

Beard's Ventilation of Mines i2mo, 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

Map of Southwest Virginia Pocket-book form^ 2 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. 

4to, half morocco, 25 00 

Eissler's Modem High Explosives 8vo, 4 00 

Fowler's Sewage Works Analyses i2mo, 2 00 

Goodyear's Coal-mines of the Western Coast of the United States i2mo, 2 50 

Ihlseng's Manual of Mining 8vo, 4 00 

** Ues's Lead-smeking. (Postage 9c. additional.) i2mo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Wilson's Cyanide Processes i2mo, i 50 

Chlorination Process i2mo, i 50 

Hydraulic and Placer Mining i2mo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation 12 mo, i' 25 



SANITARY SCIENCE. 

Copeland's Manual of Bacteriology. (In preparation.) 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fuertes's Water and Public Health i2mo, i 50 

Water-filtration Works x2mo, 2 50 

Gerhard's Guide to Sanitary House-inspection x6mo, z 00 

Goodrich's Economical Disposal of Town's Refuse Demy 8vo, 3 50 

Hazen's Filtration of Public Water-supplies 8vo, 3 00 

Kiersted's Sewage Disposal i2mo, i 25 

Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL (In preparation.) 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 3d Edition, Rewritten 8vo, 

Examination of Water. (Chemical and BacteriologicaL) i2mo, 

Merriman's Elements of Sanitary Engineering 8vo, 

Nichols's Water-supply. (Considered Mainly from a Chemical and Sanitary 

Standpoint.) (1883.) 8vo, 

Ogden's Sewer Design i2mo, 

* Price's Handbook on Sanitation x2mo, 

Richards's Cost of Food. A Study in Dietaries i2mo. 

Cost of Living as Modified by Sanitary Science i2mo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

* Richards and Williams's The Dictary'Computer 8vo, 

Rideal's Sewage and Bacterial Purification of Sewage 8vo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Whipple's Microscopy of Drinking-water 8vo, 

Woodhull's Notes andiMilitarylHygiene i6mo, 
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MISCELLAKEOUS. 

Barker's Deep<-te« SoundiasB 8vo, 2 00 

Emmoni'B Geological Guide-book of the JRocky Mountain Excursion of the 

International Congreti of Geologists Large 8yo, i 50 

Ferrel's Popular Treatise on the Winds 8vo, 4 00 

Haines's American Railway Management i2mo, 2 50 

Mott'sComposition,Digestibilit7,andNutritiyeValueof Food. Mounted chart, i 25 

- Fallacy of the Present Theory of Sound i6mo, z 00 

Ricketts's History of Rensselaer Polytechnic Institute, 1824-1894. Small 8to,. 3 00 

^^otherham's Emphasized Hew Testament Large Svo, 2 00 

Steel's Treatise on the Diseases of the Dog 8vo, 3 50 

Totten's Important Question in Metrology 8vo, 2 50 

The World's Columbian Exposition of 1893 4to, z 00 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance » 
and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital Z2mo, z 25 

HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language 8yo, 3 00 

Elementary Hebrew Grammar z2mo, z 25 

Hebrew Chrestomathy 8vo, 2 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 00 

Letferis's Hebrew Bible 8vo, 2 25 
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